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THE MECHJimC 


OR, 

COMPENDIUM OF PRACTICAL INVENTIONS. 


Class II. —Relative to Philosophical Appa¬ 
ratus AND THE Fine Arts. 

An Account of a Method of dividing astronomical 
and other Instruments hy ocular inspection; in 
which the usual Tools for graduating are not 
employed; the uhole operation being so contrived^ 
that no error diq occur but what is chargeable to 
Vision^ when assisted by the best optical means of 
viewing and measuring minute quantities. 


This paper was accompanied hy the following Letter from the 
Inventor to the Astronomer Royal. 

SIR, London, June 23, 1808. 


J HE scien£e which you profess, and the art which it has 
fallen to my lot to cultivate, are so nearly allied, that hud I 
been personally unknown to you, and a stranger to the patronage 
which you have always given to the useful arts, I should still 
have wished the papers annexed to have passed through your 
hands to the public. You will readily thence infer, how much 
I feel myself flattered by having obtained, from your conde¬ 
scension, the privilege of their being presented to the Royal 
Society through a channel which must secure for them the most 
favourable reception. 

My reputation for dividing of astronomical and other instru¬ 
ments, is by no means unknown to the world ; but the means 

26. VOL. n. B 
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COMPENDIUM OF PRACTICAL INVENTIONS. 


Troughton'a method of dividing astronomical and other instruments. 


by which I accomplish it, I have hitherto thought proper to 
conceal: and if that concealment had been essential to the 
advancing of that reputation, or to the immediate security of 
my own interests, it is probable that it might still longer have 
rested with myself. Relying, however, as I <lo, on the proba¬ 
bility that I sLdl find sutlicicut emplo\ment while 1 am capable 
of active life, 1 know of no houoniable motive that should 
prevent me from allowing it to be useful to others. 

How a young artist, who may be just beginning to make his 
way to fame or wealth, may receive it, I know not; but I wish 
him to understand, that I consider myself now in the act of 
making him a very valuable present. 

1 have the honour to be, Sir, 

Your obliged and obedient servant. 

Edward Troughton. 

To the Rev. Nevil Maskelyne, d. d. 

Astronomer Royal, F. R. S. Ac. 


ACCOUNT OF A METHOD OF DIVIDING ASTRONOMICAL AND 

OTHER INSTRUMENTS, BY OCULAR INSPECTION, 8CC. 

It would ill become me, in addressing myself to the Mem¬ 
bers of this Society upon a subject which they are so well enabled 
to appreciate, to arrogate to myself more than may be assigned 
as my due, for whatever of success may have been the result of 
my long continued endeavours, exerted in prosecuting towards 
perfection ihe dividing of instruments immsdiatelg subservient to 
the purposes of astronomy. A man very naturally will set a 
value upon a thing on which so much of his life has been ex¬ 
pended ; and I shall readily, therefore, be pardoned for saying, 
that considering some attainments, which I have made on this 
subject, as too valuable to be lost, and being encouraged also 
by the degree of attention which the Royal Society has ever 
paid to practical subjects, 1 feel myself ambitious of presenting 
them to the public through what 1 deem the mosl respectable 
^channel in the world. 

It was as early as the year 1775, being then apprentice to 
my brother, the late Mr. John Troughton, tliat the art oX 
dividing bad become interesting to me; the study of astronomy 
was also new and fascinating ; and I then formed the resolu¬ 
tion to aim at the nicer parts of my profession. 

At the time alluded to, my brother, in the art of dividing, 
was justly considered the rival of Bamsden ; but be was then 
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COMPENDIUM OP PRACTICAL INVENTIONS. 


Troughtvns mttkod of dividing astronomical and other instruments. 


When a roller is properly proportioned to the radius of the 
circle to be divided, and w'ith its edge made a small matter 
conical, so that one side may be too great, and the other side 
too little, it may be adjusted so exactly, that it may be carried 
several times round the circle, without the error of a single 
second ; and it acts with so much steadiness, that it may not 
unaptly be considered as a wheel and pinion of indefinitely high 
numbers. Yet, such is the imperfection of the edges of the 
circle and roller, that, when worked with the greatest care, the 
intermediate parts, on a radius of two feet, will sometimes be 
unequal to the value of half a minute or more. After having 
found the terminating point of a quadrant or circle so perma¬ 
nent, although 1 was not prepared to expect perfect equality 
throughout, yet I was much mortified to find the errors so great, 
at least ten times as much as I expected ; which fact indicated; 
beyond a doubt, that if the roller is to be trusted at all, it must 
only be trusted through a very short arc. Had there been any 
thing slippery in the action, which would lia>e been indicated 
by measuring the same part at difierent times difl'erently, there 
would have been an end of it at once ; but, that not being the 
case in any sensible d('gree, the roller becomes a useful auxiliary 
to fill up short intervals, whose limits have been corrected by 
more certain means. 


* There are two things in the foregoing account^ the action of the roller, 
which have a tendency to excite surprise. The first is, that the roller should, 
in different parts of its jonrney round the circle, measure the latter so diffe¬ 
rently. One would not wonder, however, if in taking the measure across a 
ploughed held, it should be found different to a parallel measure taken upon 
a gravel walk; and, in my opinion, the cases are not very dissimilar, Poio- 
sity of the metal, in one part of the circle more than in the. other, must evi¬ 
dently have the same efiert ; brass iinhainnipied is alwajs porous ; and the 
part, which has felt the effect of two blows, cannot be so dcii^e as other parts 
which have felt the effect of thiee; and, should the edge of the circle be 
indented by jarring-turnings it would produce a visible similitude to ploughed 
ground. Kvery workman must be siifficieiitly upon bis guard against sneb a 
palpable source of error ; yet, perhaps, with our greatest care vie may not he 
able to avoid it altogetlier. The second is, that notwithstanding the inequality 
above mentioned, tbe roller having reached the point upon the rirrle from 
whence it set out, should perform a second, ||urd, Ac. course of resolutions, 
without any sensible deviation ftoni its foimer track; this is not perhaps so 
easily accounted for. it must be. mentioned, that the exterior border of the 
circle should be turned rounding, presenting to the toiler a convex edge, whose 
radius of rnrv.iture is not greater tlian one-tenth of an inch. Now, were the 
materials perfectly inelastic and impenetrable, the roller could only touch the 
circle in a point, and in passing round the riiclc, it couid only occupy a line of 
contact. This in practice is not the case ; the circle always* marks the roller 
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Troughton’a method of dividing astronomical and other instruments. 


Bird, who enjoyed the nndisputed reputation of being the 
most accurate divider of the age in which he lived, was the 
first who contrived the means how to render the usual divisions 
of the quadrant bisectional; which property, except his being 
unusually careful in avoiding the effects of unequal expansion 
from change of temperature, chiefly distinguished his method 
from others who divided by hand. This desirable object he 
accomplished by the use which he made of a finely dinded 
scale of equal parts. The thing aimed at was, to obtain a 
point upon the arc at the highest bisectiunal number of divisions 
from 0, w'hich in his eight-teet quadrants was 1024, =z85" 20'. 
The extent of the beam compasses, with which he traced the 
arc upon the limb of the instrument to be divided, benig set 
off upon that arc, gave the points 0° and 60°; which, being 
bisected, gave 30° more to complete the total arc. A second 
order of bisections gave points at 15° distance from each other ; 
but that which denoted 75° was most useful. Now% from the 
known length of the radius, as measured upon the scale, the 
length of the chord of 10° 20' was computed, taken off from 
the scale, and protracted from 75" forwards ; and the chord of 
4° 40', being ascertained in the same manner, was set off from 
90° backwards, nieeting the chord of 10° 20' in the continually 
bisectional arc of 85° 20'. This point being found, the work 
was carried on by bisections, and the chords, as they became 


with a broad list, and thereby shows that there is a yielding between them to 
a considerable amount. The breadth of this list is not less than one-titltieth 
of an inch; and it follows, that at least 12° of the circle's edge must be in 
contact at the same time; that the two surfaces yield to each otlier in depth, 
by a quantity equal to the rer. sin. of half that arc, or of an inch; and 

that the circle has always hold of the roller by nearly 1“ of tlie edge of the 
latter. Whoevei has examined the surfaces of metals which have rolled against 
each other, mnst have observed that peculiar kind of indentation that always 
accompanies their action ; and there can be no doubt that the particles of a 
roller, and those of the siirfare on which it acts, which mutually indent each 
other, will, upon a second comse begun from the same point, indent each 
other deeper: this is not, however, exactly the case in question: for, what¬ 
ever of fitting might have taken place between the surfaces of onr roller and 
circle in the first revolution of tlie former, one should imagine would be 
obliterated by the filleen turns which it must repeat over fresh ground. 
Experience shows, however, as every one will find who tries the experiment 
with good work, that on coming round to the point of commencement, the 
roller has the disposition to regain its former track; for, were this not the case, 
althongh the commensurate diameters were adjusted so exactly as to be with- 
out sensible error in one course, yet a less error than that which is so would 
become visible when repeated through many conrses. 
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Tt'mghtwtt't metk»d ^ dteidtfiir tuirtmomictd and othtr in$trmmintt. 


small enough, were set olF beyond this point to supply the 
remainder of the quadrantai arc. My brother, whom 1 men* 
tioned before, from mere want of a scale of equal parts upon 
which be could rely, cuntri%ed the means of diMdiiig bisec* 
tionally without one. ills method i will hrietly state us follows, 
in the manner which it would apply to dividing a mural qua¬ 
drant. The arcs of (i0“ and i3(f' give the total are. us before ; 
aud let the last arc of {i()'’ he bisected, also the lust arc of 15”, 
and again the last arc of 7" 30'. The two murks next 90" will 
now be 82“ JKX and 80“ 15, consequently the point .sought lies 
between tiiem. Bisections will serve us no longer ; but if we 
divide ibis space equally into three part.s, the ino.st forward of 
the tw’o intermediate marks will give Us 85", and if we divide 
the portion of the arc between this mark and 8(!" 15 also into 
three, the most backward of the two marks will denote 85' 25. 
X<astly, if we divide any one of these best spaces into live, aud 
set off one of these fifth par!.s backwards from 85' 25, we shall 
have the desired point at 1024 divisions upon tl.e arc from 0“. 
All the rest of tlte divisions which have la eu made in this 
operation which 1 have called maiks. hecan.'e thev should be 
made as faint as possible, must heerasod ; tbrinv hrotlier would 
not suffer a mark to n-muin upou the arc to intirfeie with his 
future bisections. 

Mr. 8mcaton, in a paper to be more partii ularly noticed 
presently, justly remarks Uie want ol' a unity of pntu iple in 
Mr. Birds method ; for he procveils paitiv on the grouml of 
the protracted radius, and partly upon that of the computed 
chord ; which, as Sincaton oh.si rves, inav or niav not agree. 
Bird, without doubt, used the radius au<l its parts in order to, 
secure an exact quadrant; but Siucaton, trt-aling exactness in 
the total arc as of little value to astronomy, woulil, in order 
to secure the more cs.sential property of erjuality of division, 
reject the radius altogether, and proceed entirely upon the 
simple principle of the computed chord. The means pursued 
by my brother, to reach the point which lerminate.s the great 
bisectional arc, is the only part in which it differs from Bird’s 
method ; and 1 think it is without prejudice that 1 give it the 
preference. It is obvious that it is as well calculated to pro- 
caro equality of division, as the nieun.s suggested by Smeaton ; 
«t the same time that it is equal to Bird’s in securing the precise 
measure of the total arc. It proceeds entirely upon the prin¬ 
ciple of the protracted chord of CO” and its subdivision ; and 
the uncertainty, which is introduced into the work by the 
sparing use which is made of subdivision by 3 and 5, is, in 
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Troujerkton'ii nuthod diridinf attrommical and other instruments. 


my opinion, likely to be much exceeded by the errors of a 
divided scale.,* and those oi llie hand and eye, in taking off* the 
computed chonls, and applying them to the arc of the instra- 
meat to he divided. 

Ilatnsden's well known method of dividing by the engine, 

unitcji so much accuracy and lacility, that a better can hardly 

be wished for; and 1 may venture to say that it will never ba 

superseded, in the division ot instruments, of moderate radii. 

It was well Milted to the tune in vvhich it appeared; a time 

when the iinpiovements made in nautical astronomy, and the 

growing commerce of our loiinlrv, c alled for a numl>er of 

reflecting instruments, which never cmild have been .supplied, 

had it been necessary 16 h ave divided them hv hand : however, 

• • * 

as it only iip[>lies to small inslriiinents, it hardly conies within 
the subject’of this paf)er. 

The method ol Ifiiuiley, as described by Smeaton,+ I will 
venture to predict will never he put in practice for dividing 
astronomical in^trinnents, hovse\(>r appijcal)le it miglit formerly 
have been h)r <ihtaiiiing miminos tor cutting cJock-work, for 
which purpose it was onuiiiiilly intended. Jt coiisi.sts of a train 
of violent ope rations with hlnnt tools, any one of which is 
suflident to stretth the materials beyond, or press them within 
their natuial state ol test; and altliou”h the whole is done by 
contact, the nature of this contac t is such as, I think, ought 
rather to liave been contrasted with, than represented as being 
similar to, the nature of the contact used in Sineaton’s pyro¬ 
meter, which latter is jieilorined by the most delicate touch; 
and is represented, I believe justly. to he sensible to the -- 
part of an inch. Sineaton has, liowcver, acquitted himself well, 
in describing and improving the method of his friend; and the 
world is particularly ohlis;e(l to him for the historical part of bis 
paper, as it rontaitis valuable iiiibriuatiun which perhaps no 
one else could have written. 

The only method of dividing large instruments now prac¬ 
tised in London, that I know of, besides my own, has not yet, 
I believe, been made public. It consists in dividing by hand 
with beam compasses and spring dividers, in the usual way; 
witli the addition of examining the work by microscopes, and 


• Tli»l Bird’s scale was not witlioiit considerable errors, will bo sbowa 
towards the end ot this paper. 

t Philosophical ’rronsartions for 1788. 
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TWi^AfON'f method ^ dividing astronomical and other ^utmments. 


correcting it, as it proceeds, l>j' pressing forwards or backwards 
by hand, with a fine conical point, those dots which appear 
erroneons; and thus adjusting tliem to their proper places. 
The method admits of considerable accuracy, provided the 
operator has m steady hand and a good eye ; but his work will 
ever be irregular and inelegant, lie must have a circular line 
passing through the middle of his dots, to enable him to make 
and keep them at an equal distance from the centre. The 
bisectional arcs, also, whj|ch cut them across, deform them 
much; and, what is worse, the dots which require correction 
(about two-thirds perhaps of the whole) will become larger 
than the rest, and unequally so in proportion to the number of 
attempts which have been found necesikry to aiiju.st them. In 
the course of w hich operation, some of lliein grow- insufl'erably 
too large, and it becomes necessary to reduce them tft%n equality 
with their neighbours. This is done with the burnisher, and 
causes a hollow in (he surface, wlncli has a very <lisagreeable 
appearance. Moreover, dots which have heen burnished up 
are always ill-defined, and of a had figure. Sir George Shuck- 
burgh Evelyn, in his paper on the Etpiatorial,* denominates 
these doubtful or had points,” and (considering the few places 
which he examines) they bear no inconsiderable proportion to 
the whole. In my opinion, it vvoubl be a great iinj>rovement 
of this method, to divide the whole by hand at once, and 
afterwards to correct the w bole ; for a dot forced to its place, 
as above, will seldom allow the compas.s point to rest in the 
centre of its apparent area : therefore other dots made from 
those will scarcely ever he found in their true places. This im¬ 
provement also prevents the corrected dots fiom being injured, 
or moved, by the future application of the compasses, no such 
application being necessary. 

1 will now dismiss this method of dividing, with observing 
that it is tedious in the extreme ; and did 1 not know the con¬ 
trary beyond a doubt, I should have ,supposed it to have 
surpassed the utmost limit of human patience.i* When I madp 


* Philosopbtctl Trunactions for 170S. 

♦ At the time allnded to, the donhie microscopic micrometer was unknown 
to me, and I did not learn it* use, for these purpose*, till the year 1700, from 
general Roy’s description of the large theodolite. Previous to that time, I had 
■sed a frame which carried a single wire very near the surface to be divided ; 
this urire was moveable by a fine micrometer screw, «nd was viewed by a single 
lent inserted in the lower end of a tube, which, for the purpose of taking off 
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apparatus, resting with its four feet a a aa upon the surface of 
the arc; l^ese feet, being screws, may be adjusted so as to take 
equal shares of the weight, and then are fastened by nuts below 
the plate, as shown in fig. 2. CC and DD are two similar plates, 
each attached to the main plate, one above and the other below, 
by four pillars ; and in them are centred the ends of the axis of 
the roller E. F and G arc two friction wheels, the latter firmly 
fastened to B, but the former is fixed in an adju.stable frame, by 
means of which adjustment these wheels and the roller £ may 
be made to press, the former on the interior, and the latter on 
the exterior edge of the circle, with an equal and convenient 
force.* At the extremities of the axis of the roller, and 
attached to tlie middle of the plates C and D, are two bridge.*, 
having a screw in each ; by means of which an adjustment is 
procured for raising or lowering the roller respecting the edge 
of the circle, whereby the former, having its diameter at the 
upper edge about *001 of an inch greater tlmn at the lower edge 
(^ing, as before described, a little conical.) it may easily ne 
brought to the position where it will measure the proper portion 
of the circle. 

Much experience and thought upon the subject have taught 
me, that the roller should be equal to one-sixleonth part of the 
circle to be divided, or that it should revolve once in 22’ 30'; 
and that the roller itself should be divided into sixteen jiarts ; 
no matter whethqi* with absolute truth, for accuracy is not at 
alT essential here. Each of such divisions of the roller will 
correspond with an angle ^on the circle of 1" 24' 22 *5, or 
^^th part of the circle. This number of principal divisions 
wag chosen, on account of its being capable of continual bisec- 
tion; but they do not fall in with the ultimate divisions of the 
circle, which are intended to be equal to 5' each. 

The next thing to be considered is, how to make the roller 
measure the circle. As two microscopes are here necessary, 
and those which I use are very simple, I will in this place give 
a description of them. Fig.O, is a section |th8 of the full size, 
and sttfCciently explains their construction, and the position of 
the glasses; but the micrometer part and manner of mounting 
it, are better shown at H, in figs. 1 and 2. The micrometer 


Snfllcknt spring for keeping llic roller in close end nniform contect with 
die edee of the circle, is fonnd in the epparetas, withonf any partientar rootvie- 
ance for tbiA purpose; the bending oi the pUUra of the secondary frames and 
of the axis of the roller, chiefly supplies this property. 
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part consists of an oblong square frame, which is soldered into 
a slit, cut at right angles in the main tube; another similar 
piece, nicely htted into the former, and having a small motion 
at right angles to the axis of the microscope, has at one end a 
cylindrical guide pin, and at the other a micrometer screw ; a 
spring of steel wire is also applied, as seen in the section, to 
prevent play, by keeping the head of the micrometer in close 
contact witli (he fixed frame. This head is divided into one 
huridred parts, which are numbered each way to 50; the use of 
which will be shown hereafter. A fine wire is stretched across 
the moveable frame, for the purpose of bisecting fine dots. 
Two of these microscopes are necessary ; also a third, which 
need nut have the divided head, and must have in the moveable 
frame two wires crossing each other at au angle of about 30”: 
this microscope is showu at I, fig. 1. In the tw o first micro- 
inetors, a division of the bead is of the value of about 0'*2, and 
the power and distipetness such, that when great care is taken, 
a much greati'r error than to the amount of one of these divi¬ 
sions cannot well be coininiited in setting the wire across the 
image ol' a widl-tnude dot. The double eye-glass has u motion 
by hatiil, for producing distinct vision of tbe wire; and di:>tinct 
vision of tbe dots is proi ured by a similar adjustment of tbe 
whole u»icros< ope. 

Tiie tirsl st» p towards sizing tbe roller, is to compute its 
diamel“r according to the measure of tbe circle, and to reduce 
it a;;re('abl\ tlo'retu, taking cure to leave it a^femall matter too 
large. Tbe si'cund step !.■<, after having brought tbe roller into 
its pluc(‘ in tbe plate UB, to make a mark upon tbe surface 
of the circle near tbe edge, and a similar one upon tbe roller, 
(‘\actly opposite each other ; then carry the apparatus forw'ard 
with a steady bund, until the roller has made sixteen revolu¬ 
tions. If, now, the mark upon the roller, by having over- 
rea( bed the one upon the circle, shows it to be much too large, 
lake it out of the frame and reduce it by turning accordingly : 
when, by repeating this, it is found to be very near, it may 
be turned about -dOi of an inch smaller on tbe lower edge, 
and so far its preparation is completed. The (bird and last 
step is, tbe use and adaptation of tbe two microscopes ; one of 
these must take its position at H in fig. 1, viewing a small well- 
defined dot made for the purpose on the circle ; the other, not 
represented in the figure, must also bo fixed to the main plate 
of fig. 1. as near to the former as possible, but viewing one of 
the divisions on the roller. With a due attention to each 
microscope, it will now be seen to (he greatest exactness when. 
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by raising or depressing the roller, its commensurate diameter 
is found. 

Fig. 8, is a representation of the apparatus fur transferring 
the divisions of the roller to the circle. It consists of two 
slender bars, which, being seen edgewise in the tigure, have 
only the appearance of narrow lines ; but, w'heu looked at from 
above, they resemble the form of the letter A. 'J*hev ore 
fastened to the main frame, os at W and Z, by short pillars, 
having also the off leg of the angle secured in the same manner; 
Y is a fine conical steel point for making the dots, and X is a 
feeler, whereby the point V may be pressed doMii with a uniform 
force, which force may be adjusted, by bending the end of 
the bar just above the point, so ns to make the dots of the 
proper size. The point Y yields most readily to a perpendi¬ 
cular action; but is amply se.ciired against any eccentric or 
lateral deviation. 

The apparatus so far described, is complete for laying our 
foundation, t. e. making HfiG primary dots ; no matter whether 
with perfect truth, or not, as was said respecting the divisions 
of the roller ; precision in either is not to be expected, nt>r 
wished; but it is of some impoitnnce, that they should he all 
of the same size, concentric, small and round. They should 
occupy a position \ery near tlie extreme b»»rder of the circle, 
as well to give them the greute.st radius pus.siliie, as that there 
should be room lor the stationary microscope and other mecha¬ 
nism. which uilrtie described hereafter. 

It must he noticed, that th(‘re is a clamp and adjusting 
screw attached to the main plate of tig. 1; but, as it differs in no 
respect from tbe usual contrivances for quick and slow motion, it 
has been judged unnecessary to encumber the drawing with it. 

Now, the roller having been adjusted, with one microscope 
II upon its proper dot on the circle, and the other microscope 
at the first division on the roller ; place the apparatus of fig. 3, 
so that tbe dotting point Y may stand directly over the place 
which is designed for the beginning of the divisions. In this 

{ losition of things, let the feeler X be pressed down, until iU 
ower end comes in contact with tbe circle; this will carry 
down tbe point, and make the first impression, or primary dot, 
upon the circle ; unciainp the apparatus, and carry it forwards 
by hand, until another division of the roller comes near tbe wire 
of tbe microscope; then clamp it, and with the screw motion 
make the coincidence, complete ; where again -press upon the 
feeler, for the second dot: proceed in this manner until the 
whole round is completed. 
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From these 256 erroneous divisions, by a certain coarse of 
examination, and by compntation, to ascertain their absolute 
and individiiul errors, and to form these errors into convenient 
tables, is the next part of the process, and makes a very inipor* 
tant branch of any method ot dividing. 

The apparatus must now be taken utT, and the circle mounted 
in the same manner that it will be in the observatory. The two 
microscopes, which have divided heads, must also be firmly iixed 
to the support of the instrument, on opposite sides, and their 
wires brought to bisect the first dot, and the one which should 
be 180*’ distant. . Now, tiie microscopes remaining fixed, turn 
tlie circle half round, or until the first microscope coincides with 
the opposite dot, and if the other microscope be exactly at the 
other dot, it is obvious that these dots are 180" apart, or in the 
true diameter of the circle ; and if tlif'v disagree, it is obvious 
that half the quantity by which they disagree, as measured by 
the divisions of the micrometer head, is the error of the oppo¬ 
site division; for the quantity measured is that by which the 
greater portion of the circle exceeds the less. It is convenient 
to note liiese errors-for —, as the dots are found too forward 
or too backward, according to the numbering of the degrees ; 
and for the purpose of distiiiguisiiing the-fund—errors, the 
heads, as mentioned before, are numbered backwards and for¬ 
wards to filty. One of the inicroscpcs remaining as before, 
remove ibe other to a position alright angles; and, considering 
for the present both the former dots to be trie, examine the 
others b) them ; i. e. as before, try by the micrometer bow many 
divisions of the head the greater half of the semi-circle exceeds 
the less, and note half the qiiaiiity-f or—, as before, and do 
the same for the other semi-circle. One of the micrometers 
must now be set at an angle of 45" with the other, and the half 
differences of the two parts of each of the four quadrants 
registered with their respective signs. When the circle is a 
vertical one, as in the present instance, it is much the best to 
proceed so far in the examination with it in that position, for 
fear of any general bending or spring of the figure ; but for the 
examination of smaller arcs than 45”, it will be perfectly safe, 
and more convenient, to have it horizontal; because the dividing 
apparatus will then carry the micrometers, several perforations 
being made in the plate B for the limbs to be seen through at 
proper intervals. The mierometers must now be placed at a 
distance of 22”-‘30', and the half differences of the parts of all 
the arcs of 45" measured and noted as before: thus descending 
by bisections to 11" 5" 37 30 , and 2*’ 48' 45. " Half this 
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last quantity is too small to allow the micrometera to be brought 
near enuugb; but it will Imve the desired eflfect, if they are 
placed at that quantity and its half, t. e. 4^ 1^1' 7 *5; in which 
case the examination, instead of being made at the nextMjwill 
take place at the next division but one, to that which is tbo 
subject of trial. During the whole of the time that the exami¬ 
nation is made, all the dots, except the one under examination, 
are for the present supposed to be in their true places ; and the 
only thing in tbisi must important part of the business, from first 
to last, is to ascurtain with the utmost care, in divisions of the 
micrometer head, how much one of the parts of tiie interval 
under examination exceeds the other, and carefully to tabuUte 
the half of their diflerence. 

I will suppose that every one, who attempts to divide a 
large astronomical instrument, will have it engraved first. 
Dividing is a most delicate operation, and every coarser one 
should precede it. Besides, its being numbered is particularly 
useful to distinguish one dot from another: thus, in the two 
annexed tables of errors, the side culumns give sigiiificaut 
Dames to every dot, in terms of its value to tlie nearest tenth of 
a degree, and the mistakuig of one fur another is rendered 
nearly impossible. 

The foregoing examination furnishes materials for the con¬ 
struction of the table of half differences, or apparent errors*. 
The first line of this table consists of two varieties ; i. e. the 
micrometers wei% at iHfh' distance for obtaining the numbers 
which fill the columns of the first and third quadrant; and at 
90^, for those of the second and fourth quadrant. The third 
variety makes one line, and was obtained with the distance of 
4d”: the fourth consists of two lines, with a distance of dll': 
the fifth of four lines, with a distance of ID 15: the sixth of 
eight lines, with a distance of 5'’ *67' 80": the seventh of six¬ 
teen lines, with a distance of 2" 48' 45": and the eighth and last 
vari^y, being the remainder of the table, consists of thirty-two 
lines, and was obtained with a distance of 4" 13' 7"*5. 

The table of apparent errors, or half differences, jnst ex¬ 
plained, famishes data for computing the table of real errors. 
The rule is this: Let a be the real error of the preceding dot. 


* |f the table of real errors be eompiiled as the work of examination pro- 
reedf, there will be no occasion for this table at alt, bat I tblnk it best not to 
let OM! part interfere with another, and therefore I examine the whole before I 
begiB lo rempnte. 
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and b that of the following one, and c the apparent error, 
taken from the table of half diflerences, of the dot under 

investigation ; then is + c rr its real error. But, as 


this simple expression may not be so generally understood by 
workmen us I wish, it may be necessary to say the same thing 
less concisely. If the real errors of the preceding and following- 
dots are both +, or both —, lake half their sum and prefix 
thereto the common sign; but if one of them is +, and the 
other —, take half their difference, prefixing the sign of the 
greater quantity : again, if the apparent error of the dot under 
investigation has the same sign of the quantity found above 
give to their sum the common sign, for the real error ; but if 
their signs are contrary, give t<) their diflerence the sign of the 
greater for the real error ; 1 add a few examples. 


EXAMPLE I. 

For the first point of the second (|uadraiit. 

Real error of the first pohit of the first quadrant . . 0*0 

Real error of the fir>t point of the third quadrant . . —6*9 

Half sum or half <liflerence. —3-4 

Apparent error of the dot under trial.+12-2 

Real error. +8*8 

EXAMPLE II. 

For the point 4,V of the second quadrant. 

Real error of the first point of the quadrant. +8*8 

Real error of the last point of the (piadrant. —6*9 

Half diflerence. +0*9 

Apparent error of the dot under trial. —8*9 

Real error. —8*0 

EXAMPLE III. 

Point 88**6, or last point, of the third quadrant. 

Real error of the point 84**4 of the third quadrant. . —21*0 

Real error of the point 2”*8 of the fourth quadrant. . —2*9 

Half sum.—11*9 

Apparent error of the dot under trial.—4*0 

Real error.—15*9 

EXAMPLE IV. 

Point 88**6, or last, of the fourth quadrant. 

Real error of the point 84“*4 of the fouith quadrant. —21*6 
R«al error of the point 2“*8 of the first quaurant. . . —10-2 

Half sum ..—15 9 

Apparent error of the dot under trial. +9.5 

Real error. —6-4 
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It is conveDient, in the formation of the table of real errors* 
that they should be inserted in the order of the numbering of 
the degrees on their respective quadrants ; although their com¬ 
putation necessarily took place in the order in which the exami¬ 
nation was carried on, or according to the arrangement in the 
table of apparent errors. The first dot of the first quadrant 
having been assumed to be in its true place, tlte first of the 
third quadrant will err by just half the difference found In the 
examination; therefore these errors are alike in both tables. 
The real error of the first dot of the second quadrant comes out 
in the first example; that of the fourth was found in iikt; man¬ 
ner, and completes the first line. It is convenient to put tl.e 
error of the division 99® of each quadrant at the botloui of 
each column, although it is the same as the point 0" on the 
following quadrant. The line of 45® is next filled up ; the 
second example shows this: but there is no occasion to dwell 
longer upon this explanation; for every one, who is at ail fit 
for such pursuits, will think what has already been said fully 
sufficient for his purpose. However, I will just mention (hut 
there can be no danger, in the formation of this table, of taking 
from a wrong line the real errors which are to he the criterion 
for finding that of the one under trial; becau.se they are in (he 
line next to it; the others which intervene in the full tubic, not 
being yet inserted. The last course of all is, however, an ex¬ 
ception; for, as the examining microscopes could not he hruiight 
near enough to bisect tbe angle 2® 48' 45", recourse was hud 
to that quantity and its half; on which account the exumiuHtiuu 
is proseented by using errors at two lines’ distance, as is show n 
in the two last examples. 

When the table of real errors is constrncted, the other table, 
although it is of no further use, should not be throw n away ; 
for if any material mistake has been committed, it will be dis¬ 
covered as the operation of dividing is carried on ; and, in that 
case, the table of apparent errors most be bad recourse to ; 
indeed, not a figure snould be destroyed until the work is dune. 

Respecting the angular value of the numbers io these tables, 
it may be worth mentioning, that it is nut of the least impor¬ 
tance ; 100 of them being comprised in one revolution of the 
micrometer screw; and, in the instance before me, 5*6 of them 
made no more than a second. It is not pretended that one of 
these parts were seen beyond a doubt, beiug scarcely 
ati inco# much less the tenths, as exhibited in tbe tables ; but, 
as they were visible upon the micrometer heads, it was judged 
best to take them into the account. 
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Having now completed tbe two first sections of my metbod 
of dividing; namely, tbe first, which consists of making 256 
small round dots; and the second, in finding the errors of 
those dots, and forming them into a table ;—1 come now to tbe 
third and ia.st part, which consists in using the erroneous dots 
in comparison with tlie tabntatcd errors, so us ultimately to 
to make for tbein tbe true divisions. 

It w ill here he necessary to complete the description of the 
remaining part of the apparatus. And tirst, a little instrument 
which 1 denominate a .sulnln iding sector presents itself to 
notice. From all that has hitherto been said, it must have been 
supposed that the roller itselt’ will point out, upon the limb of 
the instrument to he di\ided, spaces corresponding to others 
pre\iously divided upon itself, as w as done in setting off the 
25(! points ; but to oh\iate the dilhcultv of dividing the roller 
with suificient exactness, recourse was had to this sector; 
which also serves the eijually important purpose of reducing 
tlic hisectiuna! points to the usual division of the circle. This 
S£H!tor is represented in half dimensions b\ fig. 5: it is formed 
of thiu brass, and centered upon the axis at A, in contact 
with the upper surface of the roller: it is capable of being 
moved round by hand ; hut, b) its frictiou upon the axis and 
its pres.sure upon the roller, it is suilicientiy prevented from 
being disturlu'd hy accident. An internal frame BB, to which 
the arc CC is attached, moves freely in the outer one, and by 
a spring U is pushed outwards, while the screw E, wdiose point 
touches the frame B, confines the arc to its proper radius. Tiie 
arc of this sector is of about four times greater radius than the 
roller, and upon it are divided the spaces which must be trans¬ 
ferred to the instrument, as represented on a magnified scale by 
fig. 4. N ow, the angle of one of the spaces of the circle 
will be measured by sixteen times its angular value upon the 
sectorial arc, or 22“ 30'; but this docs nut represent any num¬ 
ber of equal parts upon the instrument, whose subdivisions are 

to be 5' each; for——is exactly IC^ths, therefore so many 


divisions are exactly equal to a mean space between tbe dots 
whose errors have been tabulated. Let therefore, tbe arc of 
the sector be divided into sixteen spaces of I** 20' each, and 
let a similar space at each end fie subdivided into eight parts of 
ro each, as in fig. 4; we shall then have a scale which furnishes 
the means for making the true divisions, and an immediate 
examination at every bisectional point. 

27. VOL. II. ' D 
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1 hare ahrajs divided the sector from the engine, because 
that is the readiest method, and inferior to none in point of 
accuracy, vrhere the radius is very short; but, as it is more 
liable than any otlier to centrical error, the adjustment of the 
arc by the screw E becomes necessary: by that adjustment, 
al&o, any undue run in the action of the roller may be reduced 
to an insensible quantity.* 

When the utmost decree of accuracy is required, I give the 

{ )reference to dividing oy lines, because they are made with a 
ess forcible effort than dots are ; and also because, if any small 
defect in the contexture of the metal causes the cutter to deviate, 
it will, after passing the defective part, proceed again in its 
proper course, and a partial crookedness in the line will be the 
only consequence ; whereas a dot, under similar circumstances, 
woufd be altogether displaced. But, on the other hand, where 
accuracy has been out of the question, and only neatness re- 

S tired, I have used dots; and 1 hove done so, because 1 know 
at when a dot and the wire which is to bisect it are in due pro¬ 
portion to each other, (the wire covering abont Iwo-thirds of the 
dot) the nicest comparison possible may be obtained. It m«ty 
be further observed, that division by lines is complete in itself; 
whereas that by dots requires lines to distinguish their value. 

On the upper side of fig. 1, is represented the apparatus 
for cutting the divisions. It consists of three pieces JKL, 
jointed together so as to give to the cutter an easy motion 
tor drawing lines directly radiating from the centre, but inflexi¬ 
ble with respect to lateral pressure ; dd are its handles. The 
cutting point is hidden below the microscope H ; it is of a 
conical form, and were it used as a dotting point, it would 
make a puncture of an elliptical shape, whose longer diameter 
would point towards the centre. This beautiful contrivance, 
now well known, we owe to the ingenuity of the late Mr. Hindley 
of York ; it was borrowed by Mr. Ramsdcn,*f' and applied with 
the best effect to his dividing engine. 

„ It might have been mentioned sooner, that in the instance 
which 1 have selected as an example of my dividing, Bie 
operation took place when the season of the year, and the 
smoke of London, had reduced the day to scarcely six honra 
of effective light; and rather than confine my labours within 


* S«e note, psgel#. 

t This I learned from that nest acowsta Mlkt, Mr. Join SUficUfft, wbe 
vin* hiiuself apprentice to Hindley. 
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such narrow limits, 1 determined to shut out the dav*lig^lit 
altogether. Fig. 7, shows the construction of the lanterns 
which 1 used. A very small viick gave sullicient light, when 
kept from diverging by a convex lens; while the incl'ned 
nozie was directed down exactly upon the part looked at, and 
the light, having also passed through a thin slice of ivory, 
was divested of all glare. 1 enter into this description, because, 
1 think, 1 never saw my work better, nor entirely to so much 
advantage, as in this instance ; owing, perhaps, to the surround¬ 
ing darkness allow ing tiie pupil of the eye to keep itself more 
expaiuied, than when indirect rays are suflered to enter it. The 
heat from a pair of these lanterns was very inconsiderable, and 
chiefly conducted along with the smoke up the reclining chimney. 

Previous to cutting the divisions, the parts now described 
must be adjusted. The rutting apparatus mu&t be placed with 
the dividing point exactly at the place where the first line is 
intended to be drawn, and clamped, so Unit the adjusting screw 
may be able to run it through a whole interval. The micro¬ 
scope H must be firmly fixed by its two pillars bb to the main 
frame, with its inicronieter head at zero ; and with its only wire 
ill the line of the radius, bisecting the first of the 2oU dots. 
And it should be observed, that the cutting frame and this 
must not vary re.specting each other, during the lime that the 
divisions are cut; for any motion that took place in either would 
uiuiiminished to the account of error. The microscope I 
IS also fastened to the main frame: but it is only required to 
keep its pusitioti unvaried, while the divisions of the sector 
pass once under its notice; for it must have its wires adjusted 
afresh to these divisions at every distinct course. The inicro- 
fcope I use has two wires, crossing each other at an angle of 
about 40*’; and these are to be placed so as to make equal 
angles with the divisions of the sector, which are not dots, but 
lines. The sectorial arc must also be adjusted to its proper 
radius by the screw E, fig. 5; i.e. vyhile the mean frame has 
been carried along the circle through a mean interval shown 
by H, the sector must have moved through exactly 16|pths of 
its divisions, as indicated by 1.* 


• For the take of simplicity, the account of the process Is carried on as if 
the roller measured the mean interval witliont error. But it was said (pa^e 84) 
that the roller, in a continued motion qnite round the circle, would in some part 
of its conrse err by M* or more; therefore, when that Is the case, an extreme 
run of the roller cannot agree with a mean interval of the circle nearer 
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Things being in this position; ofter having given the parts 
time to settle, and having also sufliciently pru\eii the prrma< 
nenceof the micrometer 11 and the cutting fianie with respect 
to each other, the tirst division may be made; then, hv means 
of the screw for slow motion, carry the apparatus hnward, 
until the next line upon the sector comes to tiie cross wires of 
I; you then cut another division, and thus proceed until the 
16th division is cut, Xow the apparatus wants to 

be carried further, to the amount <»f |ths of a division, before 
an interval is complete; but at this last point no di\ision is to 
be made: we are here only to compare the division on the 
sector with the corresponding dot upon the instrument. This 
interval, however, upon the circle will not be exactly mea- 
snred by the corresponding line of the sector, which has bceui 
adjusted to the mean interval, for the .situation of the dot 
I®*! is too far back, as appears by the table of real error.s, by 
—4*8 divisions of the micrometer head. The range of the 
screw for slow motion must now bo rc.stored, the cross wires of 
H set back to—1*8 divisions, and the sector moved back by 
band, but not to the division 0 where it began before; for, 
as it left off in the first interval at / tli.s of a divi.sion, it lias to 
go forwards ^lU more before it will arrive at the .spot where the 
17lh division of the instrument 1" is to he made, so that in 
this second course it must begin at f-th short of 0. (jo through 
this interval as b‘ fore, making a division upon the circle at 
every one of the 16 great divisions of the sector; and Jf should 
DOW reach the third dot, uiiuvving for a tabular error of—10*2 
when 6ie division ^tbs of the sector reaches the cross wires 
of I. It would be tedious to lead the reader through all the 
variety of the sector, which consists of eight courses ; and it 
may be sufficient to observe, that at the commencement of every 
course, it must be pot back to the same fraction of a division 
which terminated its former one; and that the wire of the 
micrometer H must always be set to the tabular error belong¬ 
ing to every dot, when we end one interval and begin another. 
T.he eight courses of the sector will have carried us through 


80 * 

than — 0"‘2S; and most probably this kind of error will on some intervals 

128 

amount to donble that quantity. It tlierefore becomes matter of prudent pre* 
raotion to examine every interval previom to making the divisions; and, where 
necessary, io adjust the sector, so that its arc may exactly measure the corres¬ 
ponding; interval as corrected by the tabnlated errors. 
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• 3 >yd part of the circle, 11® 15', and daring this time, the roller 
will have proceeded through half a revolution; for its close 
contact with the limb of the circle does not allow it to return 
with the sector when the latter is set back at every course. 
IJaviiig in this manner proceeded, from one internal to another, 
through the whole circle, the microinetfT at last will be found 
with its wire, at zero, on the dot from which it set out; and 
the sector with its IGth division, coinciding with the wires of 
its microscope. 

Having now given a faithful detail of every part of the 
process of dividing this circle, 1 wish to remind the reader 
that, by veriticatioii and correction at every interval, any erro¬ 
neous action of the roller is prevented from extending its influ¬ 
ence to any distant interval. It will he further observed, that 
the subdividing sector magnilies the w’ork; that by means of 
its adjustable arc, it makes the run of the roller measure its 
corresponding intervals upon the circle ; and, without foreign 
aid, furnishes the means of reducing the bisectional intervals 
to the usual division of the circle. Furthermore, the motion 
of the wire of the micrometer H, according to the divisions of 
its head and corresponding talilc of errors, furnishes the means 
of prosecuting the work with nearly the same certainty of suc¬ 
cess, as could have happened had the 25() points been (which 
in practice is quite impossible) in their true places. 

Now', the whole of my method of dividing being performed 
by taking short measure's with instruments whicb cannot tbem- 
selves err in any sensible degree, and, in as much as those 
measures are taken, not by llie band, but by vision, and the 
whole performed by only looking at the work, the eye must be 
charged with all the errors that are committed until we come to 
cut the divisions ; and, as in this last operation the hand has 
no more to do than to guide an apparatus so perfect in itself, 
that it cannot be easily made to deviate from its proper coarse, 
I would wish to distinguish it from the other methods by deno¬ 
minating it, dividing bg the eye.* 


• 1 mint here remark, that Smeaton has represented the greatest degree of 
arenrary that can be derived from vision, in judging of the coincidence of two 
lines, at the 4,000th part«f an inch. From lliis ii may fairly be inferred that 
he had not cultivated the power of the sight, as he had done that of the touch ; 
the latter of which, with that aliilitv which appeared in all his works, he ren¬ 
dered sensible to the 00,000lli part of an inch. Were materials infinitely hard, 
no hounds could be set to the precision of eonfact; but taking things as rtey 
are, the tlifiereiit degrees of hardness in matter, may he considered as a kind 
of magnifying power to the toucli, v^liicli in.vy not iiuaplh he compared with 
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The number of persons ut all capable of dividing^ origiuallv 
have bilherto been very fevr; the practice of it being so liniited, 
that, in less than twice sc\en }ears, u man could hardly hope 
to become a workman in this most difiicult ait. ilow far 1 .shuJI 
be considered as having surmounted these difliculties, 1 know 
not; but if, by the method here revealed, 1 have not rendered 
or dinal dividing almost e<]ually easy with what copving was 
before, I have spent much lahuiir, time, and thought, in vain. 
1 have no duuht indeiHl, that any careful workman whu can 
divide in common, and has the ability to construct an astrono¬ 
mical instrument, will, by bdlowing the steps here marked out, 
be atilc to divide it, the lir>t time he tries, better than the most 
experienced w'orkinan, hy any former method. 

If, instead of subdividing with the roller, tlie same thing be 
performed with the screw, it will not give to dividiog by the 
eye any' very distinctive character: 1 have practised this on 
arcs of circles with success, Uie edge being slightly racked, 
the screw carrving forward an index with the ri'quisitc appa- 
rutus, and having a divideii micrometer head ; the latter 
answers to the subdividing sector, aud, being used w'ith a 
corresponding table of errors, forms the means of correcting 
the piimitive points: hut the roller furnishes a more delicate 
action, and is by far more satisfactory and expeditious. 

It is knowu to many that the six-feet circle, which I am 
now at work upon for our lloyol Observatory, is to be divided 
upon a broad edge, or upon a surface atj-ight angles to the 
usual plane of division : the only alterations, which will on 


the aMictance which the eye recrivc-s from glaue*. It i» oow quite comnon l9 
il vtJe the seaman’s sextant ti 10", and a K^od eye will estimate the half of it; 
wtiidi on an eight-inch ra«iiiiji, is scarcely the lO.OOOth of an inch. Tliis qoau- 
lity, small as il is, is rendered visible by a glas<« of one inch focal lengtli; and 
such is tlie certainty with wtiich these quantities are seen, that a seaman wiU 
sometimes complain that two pair of these lines wid coincide at the same time; 
and that may happen, and yet no division of his instrument err, by more than 
the 30,000tb part of an inch. All this is applicable to judging of the coincidence 
of lines with each other, and furnishes not the most favourable display of the 
aceorary of vision. But with the microscopes here described, where the wire 
b.sects the image of a dot, or a cross wire is made to intersect the Imaee of a 
line, by an eye practised in stich matters, a coincidence may undoubtedly be 
ascertained to the 60,000th part of an inch. 1 am <# opinion that as small a 
qoantity may be rendered visible to the eye, as can by contact be made sen¬ 
sible to the tonch; but whether Mr. Smeaton’s 60,000th and my 50,000th be 
not the same thing, I will not determine; the difference beween them, how¬ 
ever, is what be woold no more have pretended to feel, than I dare pretend 
to see. 
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that account be required, are, that the roller must act upon 
that plane which is usually divided upon ; which roller, being’ 
elevated or depressed, may be adjusted to the commensurate 
radius without being made conical, as was necessary in the other 
case. The apparatus, similar to the other, must here be fixed 
immoveahly to the frame which su|>ports the circle; its position 
roust be at the vertex, where also I must have my station ; 
and the instrument itself must he turned round its axis, in its 
proper vertical position, as the work proceeds. The above 
may suffice, for the pre.senl, to gratify those who feel them¬ 
selves interested upon a subject which w'ill be better understood, 
if 1 should hereafter have the honour of laying before the 
Royal Society a particular desc ription of the instrument here 
alluded to; a ta.sk which I mean to undertake, when, after 
being fixed in the place designed for it, which I hope will be 
effected at no very di.stant period, it shall be found completely 
to answer the purposes intended. 

Should it he required to divide a circle according to the 
centesimal divi.sion of the quadrant, a.s now recommended 
and used in France, w'e shall have no difficulty. The 100" of 
the quadrant may be conveniently subdivided into 10 each, mak¬ 
ing 4000 divisions in the whole round. The 256 bisectional 
intervals, the two tables of errors, and the manner of proceed¬ 
ing and acting upon them, will he exactly the same as before, 
until we c'ome to cut the divisions ; and for this purpose we 
must have another line divided upon the sector. For.j^^th 
part of the circle ^eing cc]unl to 5'*4 of the usual angular 

measure —. = 15^th8 divisions; and just so many will 


5-4 


be equivalent to one of the intervals of the circle. The value 
of one of the great divisions of the sector w'ill be 1" 26'24", 
and that of the ^th parts, which are to be annexed to the right 
and left as before, will be 10' 48", therefore divisible by the 
engine. Should any astronomer choose to have both gradations 
upon his instrument, the additional cost would be a mere trifle, 
provided both were done at the same time. 

It most already have been anticipated, that dividing by the 
eye is equally applicable to straight lines as it is to circles. An 
apparatus for this purpose should consist of a bar of brass, 
three quarters of an inch thick, and not less than three inches 
broiftd; six feet may do very well for the length; it may be 
laid upon a deal plonk strengthened by another plank screwed 
edgewise on its lower surface. The bar should be planed, on 
both its edges and on its surface, with the greatest exactness : 
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and it will be better, if it has a narrow slip of silver, inlaid 
through its whole length for receiving the dots. An apparatus 
nearly similar to the other should slide along its surface, carry¬ 
ing a roller, whose circumference is 12*8 inches, and turned 
a little conical for the sake of adjustment. Tiie roller may be 
divided into 32 parts, each of which when trunsferred to the 
bar will give inter\als of 0*4 of an inch each : the angle of the 
subdividing sector should of course be IL' lo , and subdivided 
into four parts, which will divide the inch into ttuitlis : the 
surface may also receive other lines, w'ith suhdixisions suited 
to the different purposes for which it may be wanted. I’he 
revolutions of the roller and its j** parts must be dolled upon 
the bar; taking care, by sizing llie roller, to come as near the 
true standard measure as possible; when this i.s do;u‘, compare 
the extent of the greater bisectional number that is contained 
in the length; i.e. 12S intervals of 51*2 inches with the stan¬ 
dard measure ; noting the difference as indicated hy the micro¬ 
meter beads ; the examination and constrin tiem of the table of 
errors may then be condin tcil just a.s w as done for the circle. 

Being now ready for the perturniance id' its w oik, the scale 
to be divided must be laid alongside of the bar, and tlie true 
divisions must be cut upon it by an appeal, us before, to the 
erroneous dots on the bar, corrected by a corrcspoiuliug table 
of errors. The apparatus, remaining entire in the po.s»es.sion 
of the workman, with its primitive dots, the table of errors, 
&c. is ready for dividing another standard, which will be 
precisely similar to others that have been,«or may be, divided 
from it. It may be considered, indeed, as a kind of engine; 
and, as it is nut vitiated by the coarse operation of racking 
with a screw, but performed by only looking at the work, tl»e 
method will command about three times the accuracy that can 
he derived from the usual straight-line di\ iding engine. Should 
it be asked, if any engine tliu.s appointed w'ould succeed for 
dividing circles ? I answer. Ye.s; but 1 would not recommend 
it; because, beyond a certain extent of radius, it is not neces- 
"sary ; for the errors, which would be introduced into the work 
by the violence of racking a large wheel, are sufficiently reduced 
by the comparative shortness of the radius of such instruments 
as we divide by that method: and, what is still more to the 
purpose, the dividing engine is fonr times more expeditious, 
and bears rough usage better. I cannot quit the subject of 
dividing straight lines without observing, tliat I never had my 
apparatus complete. The standard which I made for Sir George 
Shuckburg Evelyn in 1796, was done by a mere make-shift 
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contrivance, upon the principle of dividing by the eye; how 
1 succeeded may be seen in Sir George’s papers on Weights and 
Measures (Philosophical Transactions for 1708.) 1 made a 
second, some years after, for Professor Pictet of Geneva, which 
became the subject of comparison with the new measure of 
France, before the National Institute; and their report, drawn 
up by Mrr Pictet, has been ably re-stated and corrected by 
Dr. Young, as published in the Journals of the Royal Institu¬ 
tion. 1 made a third fur the magistrates of Aberdeen. I 
notice the two latter, principally to give myself an opportunity 
of saying that, if those three scales were to be compared toge¬ 
ther, notwithstanding they were divided at distant periods of 
time, and at different seasons of the year, they would be found 
to agree with each other as nearly us the diflerent parts of the 
same st ale agree. 

I hope 1 may here be allowed to allude to an inadvertency 
which has been committed in the paper mentioned above; and 
which Sir George intended to have corrected, had he lived to 
conclude his useful endeavours to harmonize the discordant 
weights and measures of this country. The instruments which 
he has brought into comparison are, his own ti\e-feet standard 
measure and etpiatoriul; General Roy’s forty-two inch scale; 
the standard of Mr. Aubert; and that of the Royal Society. 
The inadvertency is this : in his equatorial, and the standard 
of the Royal Society, he has charged the error of the most 
erroneous extent, tfhen compared with the mean extent, alike 
to both divisions; t. e. he has supposed one of the divisions, 
which bound the erroneous extent to be too much to the right, 
and the other too much to the left, and (hat by equal quantities. 
This is certainly a good-natured way of stating the errors of 
work ; and perhaps not unjustly .so, where the worst part has 
been selected ; but in the other three instances, namely, in 
General Roy’s, Mr. Aubert's, and his own standard, he has 
charged the whole error of the most erroneous extent to one of 
the bounding lines. 

I was well confirmed in my high opinion of the general 
accuracy of Bird’s dividing, when, last winter,* 1 measured 
the chords of many arcs of the Greenwich quadrant: that 
instrument has indeed suffered both from a change in its figure, 
and from the wearing of its centre ; but the graduation, consi¬ 
dering the time when it was done, 1 found to be very good. 
Sir George in bis paper npon the equatorial, (Philosophical 


• 'Hii* paper was written in June, 1S09. 

28. VOI,. II. E 
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Transactioiii for 1703,) sftor some complimenU paid to the 
divider of hit inatroment, ttys, ** The late Mr. John Bird 
teenit to have admitted a probable discrepaocy in the divitioot 
ef hit eight-feet quadrant amoonting to 3"and be refer* to 
Bird on the constmction of the Greenwich quadrant. This 
qoantiu being three timet at great at any error* that I met 
with, 1 wat lately induced to inquire how the matter stood. 
Bird, in the paper referred to, savt, ** In dividing this instra" 
meat I never met with any inequality that exceeded one second. 
I will suppose that in the 90 arch this error lay towards the 
left band, and in the 96 arch that it lay towards the right, it 
will cause a difference between the two arches of two seconds; 
and if an error of one second be allowed to the observer in 
reading off bis observation, the whole amount is no more than 
three seconds, which is agreeable to what I have heard,** Slc. 
Sir George’s examination of his own equatorial furnishes me 
with the means of a direct comparison ; in his account of the 
declination circle, we find an error -f- 2"*3d, and another 
—to these add an error of half a second in each, for 
reading off, which Sir George aUn admits; we shall then have 
a discrepancy of 4'''85; but as the errors of reading off are 
not errors of division, let them be discharged from both, and 
the errors will then stand, for the quadrant 2", and for the 
oircle 3'*85. As the radius of the former, however, is four 
times greater than that of the latter, it Mill appear by this 
mode of trial, that the equatorial is rather more than twice as 
accurately divided as tbe quadrant. In doing justice to Bird 
ia this instance, I have only done as I would be done by; for, 
should any future writer set me back a century on the chronu- 
logical scale of progressive improvement, 1 hope some one will 
be found to restore me to my proper niche. 1 now subjoin a re¬ 
statement of tbe greatest error of each of the instruments that 
are brought into comparison by Sir George, after having reduced 
them all by one rule; viz. allowing each of the two points 
which bound tbe most erroneous extent to divide tbe apparent 
error equally between them. They are expressed in parts of an 
inch, and follow each other in tbe order of their accuracy. 

Sir George Shuckburg’s 5-feet standard . . . ‘0W165 

Gcaeral Roy’s scale of 42 inches.*000240 

Sir Gorge’s equatorial, 2-feet radios .... *000273 
Tlie Greenwich quadrant, S-feet radius . . . *000465 

Hr. Aobert’s standard, 5 feet long .... *000700 

Tbe Royal Society’s standard, 92 inches long* . *000795 

* Tlut) U the •ane which Mr. Bird used in dividing liis eight-frci muial 
qiiadriutt, and was presented to the Royal Society by Dini*. cxeruloi*. 
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For the jastoess of the above statement I consider my name 
as pledged; requesting the permission to say, that if on the 
result of each respective examination, as here presented, there 
could have been more than one opinion, it would not have 
appeared here. 1 am further prompted to add, that the above 
comparative view presents one circumstance to our notice, 
which cannot do less than gratify every individlial who is at 
all conversant in these matters; 1 mean the high rank which 
general Roy*s scale takes in the list; that scale having been 
made the agent in measuring the base line.of our national 
trigonometrical survey. 

To return, (inaily, to the dividing of circles; I roust state, 
as matter of precaution, that great care should be taken during 
the turning of the outer edge, to have the circle of the same 
temperature; for one part may be expanded by heat, or con¬ 
tracted by cold, so much more than another, as to cause the 
numbers in the tables of errors to be inconveniently large. 
A night is not more than suflicieut for allowing the whole to 
take the same temperature, after having been handled by the 
workmen ; and the finishing touch should be given within a 
short space of time. But, if the eflects of temperature are to 
be regarded in turning a circle, it is of tenfold more impor¬ 
tance to attend to this circumstance, while the examination of 
the larger arcs of the instrument is carried on ; for it is abso¬ 
lutely necessary that, during the time, the whole circle should 
be of the same heat exactly- Few w orkmen are .sufficiently 
aware of this : they generally siijipose the expansion of metals 
to be a trifle which nc*ed not be regarded in practice; and 
wonder how the purls of a circle c an be differently heated 
without taking pains lo make it so. One degree of Fahren¬ 
heit’s thermometer indicates so small a portion of heat that, 
in such places as w'orkmen are usually obliged to do their 
business in, it is not very easy to have three thermometers 
attached to dilTereDt parts of a large instrument, showing an 
equality of temperature within that quantity : yet so necessary 
is correctness in this respect, that if a circle has the vertex one- 
degree warmer than its opposite, and if this difference of tem¬ 
perature be regularly distributed from top to bottom, the upper 
semi-circlc will actually exceed the lower by 2": and, if such 
should happen to be the case while the examination of the first 
dot of the third quadrant is made, the regularity of the whole 
operation would thereby be destroyed. 

It may not be improper to remark, that dividing by the eye 
does not require a more expensive apparatus than the operation 
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of dividing hy Uand; and, indeed, less so 'when the scale of 
inches is deemed necessary. The method by adjustment is still 
more expensive, requiring whatever tools Bird's method requires, 
and in addition to these, a frame and microscopes, some¬ 
what similar to those for dividing by the eye. 

It is somewhat more difficult to give a comparative estimate 
of the time which the different methods of dividing require. 
I known that thirteen days of eight hours each are well empio\ed 
in dividing such a circle by my method ; about fifty-two days 
would be consumed in doing the same thing b> Bird's method ; 
and I think I cannot err much when 1 state tlic method by 
adjustment, supposing every dot to be tried, and tiiat two-thirds 
of them want adjusting, to require about one hundred and fifty 
of such days. 

The economy of time (setting side the decided means of 
accuracy) which the above estimate of its application offers to 
view, will, I think, be considered of no little moment. By 
the rising artist who may u.spire at excellence, it will at least, 
and 1 should hope, with gratitude, bo teit in the abbreviation 
of his labours. To me, indeed, the mcati.s of etfecling this 
became indispensable; and it has not been witiiout a .sufficient 
sense of its necessity, that I have been urged to the progressive 
improvement and completion of those meun.s, as now ilescribed. 
It is but little that a man cun perform with his ow'ii hands 
alone ; nor is it on all occasions, even in frames of firmer tex¬ 
ture than my own, that he can decisively command their ailc- 
quate, onerriog use. And 1 must confess, that 1 never could 
reconcile it to what I hold as due to myself, as well as to a 
solicitous regard for the most accurate cultivation of the 
science of astronomvi to commit to others an operation re¬ 
quiring such various and delicate attentions, as the division 
of my instruments. 

'I'hat my attentions on this head have not failed to procure 
for me the notice and patronage of men whose approbation 
make, with me, no inconsiderable part of my reward, I have 
to*reilect on with gratitude and pleasure: and as I look with 
oooBdence to the toutinuance of that patronage so long a.s the 

f owers of execution shall give me the inclination to solicit it. 

cannot entertain a motive which might go to extinguish the 
more liberal wish of pointing out to future ingeuaity a shorter 
road to eminence; sufficiently gratified by the idea of having, 
in tbe present communication, contributed to facilitate the 
operations, and to aid the progress of art (as far as the limited 
powers of vision will admit) towards the point of perfection. 
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On an Improvement in the Manner of dividing 
astronomical Instruments, 

The g^eat incoDvemeDce and difiScalty in the common 
method of dividing^, arises from the danger of bruising the 
divisions by putting the point of the compass into them, and 
from the difficulty of placing that point mid-way, between 
two scratches very near together, without its slipping towards 
one of them ; ana it is this imperfection in the common process, 
which appears to have deterred Mr. Troughton from using it, 
and thereby gave rise to the ingenious method of dividing 
described in the preceding article. This induced me to 
consider, whetlier the aboTe-mentiooed inconvenience might 
not be removed, by using a beam compass with only one 
point, and a microscope instead of the other; and 1 find, 
that in the following manner of proceeding, we have no need 
of ever setting the point of the compass into a division, and 
consequently that the great objection to the old method of 
dividing is entirely removed. 

In this method, it is necessary to have a convenient support 
for the beam compass : and the following seems to me to be 
as convenient as any. Let CCC, fig. 1, plate LXXVIII, be 
the circle to be divided. BBB a frame resting steadily on its 
face, and made to slide round on it with an adjusting motion to 
bring it to any required point: ^ is the beam compass, having 

a point near and a microscope m made to slide from one end 
to the other. This beam compass is supported at d, in such 
manner as to turn round on this point as a centre, without 
shake or tottering; and at the end c it rests on another support, 
which can readily be lowered, so as either to let the point rest 
on the circle, or to prevent its touching it. It must be observed, 
however, that as the distance of d from the centre of the circle 
must be varied according to the magnitude of the arch to be 
divided, the piece on which d is supported had best be made 
to slide nearer to, or further from, the centre; but the frame 
must be made to bear constantly against the edge of the circle 
to be divided, so that the distance of d from the centre of this 
circle, shall not alter by sliding the frame. 

This being premised, we will first consider the manner of 
dividing by continued bisection. Let F and f be two points 
on the limb which are to be bisected in Take the distance 
of the microscope from the point nearly equal to the chord of/f, 
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and place d so that the point and the axis of the microscope 
shall both be in the circle in which the divisions are to be cut. 
Then slide the frame BBB till the wire of the microscope bisects 
the point F; and having lowered the support at make a 
faint scratch with‘the point. 

Having done this, turn the beam compass round on the 
centre d till the point comes to D. where it must rest on a 
support similar to that at S ; and having slid the frame till the 
wire of the microscope bisects the point f, make another faint 
scratch with the point, which if the distance of the microscope 
from the point has been well taken, will be very near the former 
scratch: and the point mid-way between them will be the 
accurate bisection of the arch Ff; but it is unnecessary, and 
better not to attempt to place a point between these two 
scratches. 

Having by these means determined the bisection at we 
most bisect the arches F f and in jnst the same manner as 
before, except that the wire of tne microscope must be made 
to bisect the interval between the two faint scratches instead 
of bisecting a point. 

It must be observed, that when the arch to be bisected is 
small, it will be necessary to use a bent point, as otherwise it 
could not be brought near enough to the axis of the micro¬ 
scope ; and then part of the rays, which form the image of tlio 
object seen by the microscope, will be intercepted by the point; 
but I believe, that by proper management this may be done 
without either making the point too weak, or making the 
image indistinct; but if this cannot be done, we may have 
recourse to Mr. Troughton’s expedient of besecting an odd 
number of contiguous divisions. 

It must be observed too, that in the bisections of all the 
arcbes of the same magnitude, the position of the point d on 
the frame remains unaltered ; but its position most be altered 
every time the magnitude of the arch is altered. 

It is scarcely necessary to say, that the bisections thus 
'made are not inUnded as the real 'divisions, but only as marks 
from which they are .to be cut. In order to make the real 
divisions, the microscope most be placed near the point, and 
the support d most be placed so that d i shall be a tangent to 
the eirole at 2. The wire of the microscope most then be 
made to bisect one of these marks, and a point or division cut 
with point, and the process continued till the divisions are 
•11 made. 
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It is plaiD that in this way, without some farther precMtioD, 
we must depend on the microscope not altering its position in 
respect of the point during the operation ; for which reason I 
should prefer placing the axis of the microscope at exactly 
the same distance from the centre of motion d, as the point; 
but removed from it sideways, by nearly the semi-diameter 
of the object-glass ; so that having made the division, we may 
move the beam compass till the division comes within the field 
of the niicrosct>pe, and then see whether it is bisected by the 
wire, and coiisetjuently see whether the microscope has altered 
its place. 

In the operation of bisection, as above described, it may be 
obser\ed, that if the two scratches are placed so near together, 
that in making the second the point of the compass runs into 
the burr raised by the first, there seems to be some danger tliat 
the point may be a little deflected from its true course; though 
in Bird’s accctuiit of his method, 1 do not find that he appre¬ 
hends any inconvenience from it. One w'ay of obviating this 
inconvenience, if it does exist, would be to set the beam 
compass not so exactly to thf? true length, as that one scratch 
should run iuto the burr of the other ; but as this would make 
it more difficult to judge of the true point of bisection, perhaps 
it might be better to make one scratch extend from the circle 
towards the centre, and the other from it. 

It is <*lear, that the entire arc of a circle cannot be divided 
to degrees, without trisection and quinquesectioh ; and 1 do 
not know whether onr artists have recourse to this operation, 
or whether they avoid it by some contrivance similar to Bird’s, 
namely, tliat of laying down an arch capable of continued 
bisection ; but if the method of quinquesection is preferred, 
it may be performed by either of the three following methods. 


FIRST METHOD. 

Let a a (fig. 1) be the arch to be quinquesected. Open the 
beam compass to the chord of one fifth of this arch; bring 
the microscope to a, and with the point make the scratch /,- 
then bring the microscope to f, and draw the scratch e; and 
ill the same manner make the scratches d and 6. Then turn 
the beam compass half round, and having brought the micro¬ 
scope to n, make the scratch j3; and proceeding as before, 
make the scratches e and Then the true position of the 
first quinquesection will be between b and /3, distant from /3 by 
SJ8. VOL. II. F 
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ene-fifth of ft ^; and the second will be distant from 3 by two* 
fifths of d 3» and so on. 

Then, in subdividing these arches, and striking the true 
divisions, the wire of the microscope, instead of bisecting the 
interval between the two scratches, tnnst be brought four times 
nearer to (3 than to ft. But in order to avoid the confusion 
which would otherwise proceed from this, it will he necessary 
to place marks on the limb opposite to all those divisions, in 
which the interval of the scratches is not to he bisected, show¬ 
ing in what proportion they are to be divided; and these marks 
should be placed so as to he visible through the mi<'roscupe, at 
the same time as the scratches. Perhaps the best way of form¬ 
ing these marks, would be to make dots with the point of the 
beam compass contiguous to that scratch which the wire is 
to be nearest to, which may be dune at the time the scratch is 
drawn. 

Perhaps an experienced eye might be able to place the w’ire 
hi the proper manner, between the two .scratches, without further 
assistance; but the most accurate way wouhl be to have a 
moveable wire with a micrometer, in the focus of the micro¬ 
scope, as well as a fixed one • and then having brought the fixed 
wire to ft, bring the moveable one to />, and observe the tiislance 
of the two wires by the micrometer; then reduce the distance 
of the two wires to one fifth part of (his. and move the frame 
till the moveable wire comes to /3, and then the fixed wire will 
be in the proper position, that is, four times nearer to ft than to ft. 

It will be a great convenience, that the moveable wire 
should be made in such manner, as to be readily dUtingoished 
from the fixed, without the trouble of moving it. 

Id this manner of proceeding, I think a careful operator 
can hardly make any mistake; fur if he makes any considerable 
error in the distance of the moveable wire from the fixed, it 
will be detected by the fixed wire not appearing in the right 
position in respect of the two scratches ; and as the mark is 
seen through the microscope, at the same time a.s tlie scratches, 
there is no danger of bis mistaking which scratch it is to be 
nearest to, or at what distance it is to be placed from it. 

To judge of the comparative accuracy of this method with 
that of bisection, it must be considered that the arches o ft, 
ft 3, 8tc. though made with the same opening of the compass 
will not he exactly alike, owing partly to irregnlarities in the 
brass, and partly to otlier causes. Let us suppose, therefore, 
that in dividing the arch a a into five parts, the beam compass 
is opened to the exact length, but that from the above-mentioned 







CLASS II.—PHILOSOPHICAL APPARATUS AND FINEARTS. 35 


Cuveufluh'* imitrorement the method of dirid'ug aotrommieul igMlmmeotM, 


irregularities, the arches n fl, ft I e, and e tp, are all too long by 
the small quantity t, and that the arches af, ft, ed, and db are 
ail too short by the same quantity, which is the supposition tlio 
most unfavourable of any to the exactness of the operation; 
tlien the error in the position of ft zz t, and the point b 
errs 4 e in the same direction, and therefore the point assumed 
as the true point of quinquesection, will be at the distance 



from ft, and the error in the position of this point 


= e X Ij. 

By the same way of reasoning, the error in the positton of 
tlie point taken between d and c = e x 2|. 

In trisecting the error of each point = c x 1}; and in 
bisecting, the error = t ; and in quadrisecting, the error of 
the middle point = 2 c. 

It appears therefore that in trisecting, the greatest error we 
are liable to, does not exceed that of bisection in a greater 
proportion than that of 4 to 3; but in quinquesecting the error 
of the two middle points is 2J times greater than in bisecting. 
It must be considered, however, that in the method of conti¬ 
nued bisection, the two opposite points must be found by qua- 
drisection, and the error of quinquesection exceeds that of 
quadrisection in no greater proportion than that of six to five ; 
80 that we may fairly say, that if we begin with quinquesection, 
this method of dividing is not greatly inferior, in point of 
accuracy, to that by continued bisection. 


SECOND METHOD. 

. This differs from the foregoing, in placing dots or scratches 
in the true points of quinquesection and trisection, before we 
begin to subdivide. For this purpose, we must have a micro¬ 
scope placed as in page 33 second par. at the same distance from 
the centre of motion as the point is; and this microscope most be 
furnished with a moveable wire and micrometer, as in page 
34; and then having first made the fixed wire of this micro¬ 
scope correspond exactly with the point, we must draw the 
scratches b and ft, d and K &c. as before, and bring the 
fixed wire to the true point of quinquesection between h and ft, 
in the manner ^yrected in page 34, and with the point strike the 
bcratch or dot ; and if we please, we may, for further security, 
as soon as this is done, examine, by means of the moveable wire, 
whether this intermediate scratch or dot is well placed. 
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The adrantage of this method is, that arhen this is done, 
we may sabdividc and cut the true divisions, by making the 
wire of the microscope bisect the intermediate scratches, instead 
of being obliged to use the more troublesome operation of 
placing it in the proper proportion of distance between the two 
extremes. 

This method certainly requires less attention than the former, 
and on the whole seems to be attended with coiisiderubiy less 
trouble ; but it is not quite so exact, as we are liable to the 
double error of placing the intermediate point and of subdi- 
vidi^ from it. 

AS in this method the intermediate points are placed by 
means of the micrometer, there is no inconvenience in placing 
the extreme scratches 6 and /3, &,c. at such a distance from 
each other, that the intermediate one shall be in no danger of 
running into the burr raised by the extremes. 


THIRD METHOD. 

Let a a (fig. 3) be the arch to be quinquesected ; lay down 
the arches a b, b d, and d e, as in the first method ; then turn 
the beam compass half round, and lay down the arches a 
and /3 £; then, without alte.^ng the frame, move the moveable 
wire of the microscope till it is four times nearer to c than to 
e. and having first rubbed out the furnier scratches, lay them 
down again with the compass thus altered ; but as this method 
possessemnot much, if any, advantage over the second, in 
point of ease, and is certainly inferior to it in exactness, it is 
not worth while saying any thing further about it. 

It was before said,* that the centre of motion of the beam 
compass is to be placed, so that the point and axi.s of the 
microscope shall both be in the circle in which the divisions 
are made ; but it is necessary to consider this more accurately. 
het A S (fig. 4) be the circle in which the scratches are to be 
made, i point of the beam compass, which we will suppose 
to be exactly in tins circle, d the centre on which it turns, and 
M tn the wire in the focus of the microscope, and let m be that 
point in which it is cut by the circle; and let us suppose that 
this point is not exactly in the line d then when the beam 
compass is turned round, the circle will cut the wire in a difler- 
ent point ft. placed as much on one side of V ?, as ni is on 


• Page SI. 
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the otlier, so that if the wire is not perpendicular to d the 
arch set oO’ by the beam compass, after beiug turned round, 
will not be tiie same us before; but if it is perpendicular, there 
will be no dilfert'itce; for which reason, care should be taken 
to make the wire exactly perpendicular to d e, which is easily 
examined by observing whether a point appears to run along 
it, while the beam compass is turned a little on its centre. It 
is also necessary to take care that the points is in the arc of 
the circle, A hile the bisection is observed by the microscope, 
which may most conveniently be obtained, by placing a stop 
on the support on which that end of the beam compass |psts. 
If proper care, however, is taken in placing the wire perpen> 
dicular, no great nicety is required either in this or in the 
position of d. 

Another thing to be attended to, in making the wire bisect 
two scratches, is to take care that it bisects them in the part 
where they cut the circle ; for as the wire is not perpendicular 
to the circle, except in very small arches, it is plain, that 
if it bisects the scratches at the circle, it will not bisect them 
at a distance from it. 

There are mauy particulars in which my description of the 
apparatus to be emplojed will appear incomplete; but as 
there is nothing in it which seems attended with difliculty, I 
thought it best not to enter further into particulars, than was 
necessary to explain the principle, and to leave the rest to any 
artist who may choose to try it. 

It is diflicult to form a proper judgment of the conveniences 
or inconveniences of this method, without experience^ but, as 
far as I can judge, it must have much advantage, both in 
point of accuracy and ease, over that of dividing by the com¬ 
mon beam compasses; but it very likely may be thought that 
Mr. Troughton’s method is better than either. Whether it 
if or is not, must be left for determination to experience and 
the judgment of artists. Thus much, however, may be observed, 
that this, at well as his, is free from the difficulty and inaccuracy, 
of setting the point of a compass exactly in the centre of a 
division. It also requires much less apparatus than his, and 
is free from any danger of error, from the slipping or irregu¬ 
larity in the motion of a roller; in which respect his method, 
notwithstanding the precautions used by him, is perhaps not 
entirely free from objection ; and, what with some artists may be 
thought a considerable advantage, it is free from the danger 
of mistokes in computing a table of errors, and in adjusting a 
sector according to the numbers of that table. 
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On a method of examining the Divisions of 
Astronomical Instniments, 

The papers relative to the division of instruments, which 
will be closed b) the present article, form a series of singular 
ingenuity and >0100. The subj»‘c-t is of immense importance; 
for it is iotiniatel\ connected with the progresaion of ustroiioniy. 
of the art of navigation, and the diversified pursuits requiring 
the practical application of the mathematics. Here, us well 
as in the two preceding papers, and many others of this C'la.ss, 
the form of writing and expression adopted by the Author are 
entirely retained, as best adapted to convev vith perspicuity 
the whole of his ideas. 


To the Astronomer Royal. 

Sr. Ibbs, Aoguit »r. IHO8. 

Dear Sir, 

I am persuaded that you must feel, in common with myself, 
how unpleasant it is to make use of an instrument in astrono¬ 
mical observations requiring extreme accuracy, whoseexactness 
you have no adequate means of ascertaining, but are obliged 
to depend for it in a great measure upon the abilities and 
integrity of the artist. It is in vain that wr* observe with so 
much nicety, and read off with so much precision, if we are 
still uncertain whether tluTe may not be an error in the instru¬ 
ment itself of much greater magnitude, than those which we 
are endeavouring to prevent; and that our best instruments 
mast be liable to such errors, no person can possibly doubt, 
who has paid due attention to the sources from whence they 
may arise. I have estimated, as accurately as I could, the 
amount to which they may accumulate in Bird’s method of 
dividing by continual bisections, and have satisfied myself that 
they are much more considerable than is generally apprehended: 
but as ] cannot obtain such precise information as 1 could wish, 
respecting the exactness with which a bisection caorbe performed, 
or a length taken from the scale of equal parts and laid upon 
tbe instrument, I will not trouble you with the deduction which 
I have made. It is understood indeed, that Bird’s method is 
now generally laid aside, and that each artist employs one, 
which he considers in many re.spects as peculiar to himself: 
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but I presumed that there would still be such a connexion 
betwixt Bird's method and those which have been substituted 
in its stead, as to render them in some degree liable to the same 
errors to which it was subject; and the reports which I have 
uniformly received from persons, who have had an opportunity 
of examining some of the modern instruments, have fully 
con\inced me that my opinion was just. But whatever may be 
♦he nature of the methods which are now in use, or whatever 
their advantages over Bird’s, 1 never could persuade myself 
that it would he safe to trust to an instrument, without a 
previous examination. To discover the means of accomplish¬ 
ing this object, is wimt 1 have for some time been anxious to 
eflect, and though 1 fear my endeavours have not been very 
successful. ] will nevertheless take the liberty of presenting 
you with the result. 

You are aware, 1 believe, that I use a circular instrument 
for observing both in altitude and azimuth, which was made 
for me bv Air. (’ary in the Strand ; that the radius of both 
the altitude and the azimuth circle is one foot, and that each is 
divided into parts containing ten minutes. The constiuc- 
tion of this instrument does not differ materially from that of 
other similar iiisfriiments, with which vou are well acquainted, 
and 1 shall not therefore waste your tune by giving )ou a par¬ 
ticular description of it. For the purpose of examining the 
divisions upon the two circles. 1 procured an apparatus to be 
prepared by Air. C’ary, which will be very easily explained. 
To the face of the rim which surrounds the azimuth circle, 
and with its left end close to the stand which supports 
the micrometer on the east side, an arc of brass, conceutric 
with the circle itself, and a little more than 90° in length, an 
inch in breadth, and one-eighth of an inch in thickness, is 
firmly fixed by screws, so as to have the plane parallel to the 
plane of the circle, and a small portion of its lower surface 
resting upon the extreme part of the rim. The screws pass 
through a brass arc, which is fastened to this at right angles, 
and lies with its broad side against the face of tbe rim. Upon 
the first mentioned arc, a strong upright piece of brass abont 
six inches in length, is made to slide, the lower part of it 
embracing tbe arc as a groove, and having a clamping screw 
underneath, for the purpose of fixing it firmly to the arc at any 
point required. To the top of the upright piece of brass is 
attached a microscope, with a moveable wire in its ^ focus, 
pointing down to tiie division upon tlie circle, not directly, 
however, but ifith an inclination to the left of about 80“. 
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This welinalion is given to it, in order to make it point to tlie 
tame division upon the circle, wliioli is immediately under the 
micrometer itself, when it has been moved up as near to the 
micrometer as it is capable of approaching. The microscope 
hot attached to it a small graduated circle of brass, and an 
todex, by wbicb the seconds, ond parts of a second, moved 
over by the wire, are determined. 

To the vertical circle there is likewise an arc applied, of 
the same length and breadth as the former, but somewhat 
thicker, and of a radius exceeding that of the circle by about 
two inches. This greater thickness is given to it, on account 
of its being supported in a inauner whirii renders additional 
strength necessary. It is fixed with its broad convex side 
downwards upon two brass pillars, screwed last to the plane of 
the azimuth circle, and standing in a line parallel to the plane 
of the vertical circle at the distance of about four iiicbes from 
it, and on the right side of the pillars which support the 
micrometers belonging to this circle. The pillar, to which the 
left end of the arc is fastened, is placed close to the lower micro¬ 
meter of the vertical circle, and the otlier contiguous to the 
elevated rim, in which the divisions of the azimuUi circle are 
cnt. The right end of tlie arc reaches beyond this pillar about 
ton inches. The pillars are of such a height, and so propor¬ 
tioned to each other, that whilst the left end of the arc, which 
Hes horizontally, is raised to witiiin abuUt two inches of the 
height at which tlie lowest point of tlie vertical circle is placed, 
the whole arc runs parallel to the circle through an extent of 
aomething more thandO". Upon the arc a microscope, with a 
moveable wire in the focus, is made to slide as in the former 
ease, and to point to the divisions upon tlie vertical circle, not 
directly, but with an inciination ol about 30^' to tlie left, in 
ord<{r that the same division (which is Uie lowest upon the circle) 
may be seen through it, and through the lower micrometer at 
the same time. 

1 will now proceed to show yoo, in what manner the exami¬ 
nation of the divisions upon either circle may be perfonned. 
The process is precisely the some in both casee, and will of 
eooree be described in Uie same words. 

The first point to be examined is that of IBO**, which most 
he done in the usual way, by bringing the points of 0 and 180** 
to the moveable wires of the opposite micrometers, and then 
taming the circle half-way round, and bisecting Uie points 
again witfi the moveable wires; and lastly, taking half the 
difference betwixt the distances of the wires in (ha two positions 
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Hraee it •• evident, that if there is no error eotoiaittedtn the oiea- 
snremeat of eny of theee arcs, ne shall have the value ^«, aod 
eonaeqaeatly of a + o', « -f a", e -f &c. and of any arc, 
eempreheodtDg any aamber of these, accarately determined. 
Bat if there to an error of e in the measaretneut of the first, 
td*, s", dee. in the aseatareinetit of the second, third, &e. 
tespectively, then we shall have the following eqoation fof 
detsmiaiag a, via. o + («» + «' + « + »') + (o -f «" -f e 

+ O See. ... (a + 4|- ••**^ ** I ^ jjjjj 


cooteqaenUy a will appear to to equal to- 

II 

—ft_f e ——...«”*”* ** which differs from its true valee 

. , ^ ^ ---- 

ft 

hy '^t e ^ / 4. -f Hence it follows, that the 

It 

valae of the arc (p being greater than u nity.) as deduced by. 

this process, will diflhr from its tme value by a—is -ft 

n 

**• p~~~i . i/fp , //....a —~1 ® 

. ^ , and that if we 

n 

ndd any nomtor p of these arcs together, in order to determine 
the value of the arc which is equal to their sum, we shall have an 
error in th” value (and tbe expression holds when p is nni^, or 




the first are only is taken) equal topi 
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. New, if we inppote e to to the greatest error to 






CLASS ll.**-r|iILOSO?HlCAL 4^f?A9ATUS A»Q FINS SSTS. 43 


Prufmmr Itm m tm mi/i ing tk$ trtr m iwir al cM l r ^ w w i fa . 

vkicb we are liable in the me^sareiBeBt of any arc, and each 
of the fucceediiis erron to be equal to it, and likewise 

that e\ e",...#"—1^* are all negative, then it will appear that 

** will be the greatest error that can be committed in 

n 

determining the value of any arc, by adding together the 
values of the (p) smaller arcs of which it is compounded. 
For instance, if the interval betwixt the micrometer and the 
microscope comprehends an arc of 60**, as marked upon the 
instrument, and this arc is measured against every sacceeding 
arc of 60** in the whole circle, wc shall have the greatest error 
that can be committed in deducing the arc of 1^0** from the 

_ Q 

addition of the two first arcs of 60*, eqnai to x 2 x 2e = 

2.666. After these remarks, we may proceed to consider how 
the remaining divisions upon the circle may be examined with 
the least probable error, and to ascertain the amount of the 
greatest to which the process can in any case be liable. 

Let the arc of 30** be now measured against every sncceed* 
ing arc of 308** in the first, third, fonrth, and sixth arcs of 60**, 
and let the length of each be determined from a separate com¬ 
parison with the arc of 60% in which it is comprehended, and 
not from a general comparison with all the four. The arc of 
15** must then be measured against every succeeding arc of 15** 
in tlie first, third, fourth, sixth, seventh, ninth, tenth, and 
twelfth arcs of 30**, and the value of each deduct from a 
comparison with the arc of 30**, in which it is contained. 
When this is done, we shall have determined the length of every 
succeeding arc of 15**, of the first arcs of 30, 45, 60, 75 (=i 
60-H15,) 90.106 (=90+15.) 120 (=60 +60,) 185 (=90 + 46.) 
150 ( = 120+30,) 165 (=1^ + 15,) and 180** in each semi¬ 
circle. 

We mast next measure the arc of 5** against every succeed- 
ing arc of 5* in the whole circle, and deduce the values of the 
first, and of the sum of the first and seemid, in each succeeding 
arc of 15** from a comparison with the arc of 15** in which 
they are contained. We must then proceed to determine the 
values of the first arc of 3*' in each 15% and of its mnlfiples 
thear(» of 6, 9, and 12**. We most also pat down the value 
of the last arc of 3** in each arc of 15% and then deduce the 
values of the first and last arcs of 1** in each arc of 15*. from a 
oomparisoQ with the arc of 3* in which they are respectively 
contained. 
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We shall now have measured in each arc of 1&* the first 
arcs of 1, 3, 6, 6, 9, 10, 12®, and by taking* the last arc of 
one degpree, which has likewise been determined, from the arc 
of 15 p, we shall obtain the first arc of 14®. The first 7® of 
this arc being measured against the second, we ascertain the 
value of the first 7 "; and then, by measuring the first 4® of the 
remaining arc of 8® against the second, we shall get the value 
of the first 4®, which added to the arc of 7®, before determined, 
will give ns the length of the first arc of 11®. The first 2® of 
the remaining arc of 4® must then be measured against the se¬ 
cond, and we shall get the value of the first 2“, and by adding 
this arc to the arc of 11®, we shall obtain the value of Uie arc 
of 13®. By taking away the first arc of 1® from the arc of 15®, 
we get the remaining arc of 14®, and then having determined 
the length of the first 7® of this arc, by measuring them against 
the second, we must add it to the arc of 1”, and we shall obtain 
the arc of 8®. The length of the first 4® of this arc will then 
be easily known, by measuring them against Uie second, as will 
afterwards that of the first 2® in the arc of 4® itself by measur¬ 
ing them against the second in the same arc. 

We have still to ascertain the lengths of all the first arcs 
of 10, 20. 30, 40, and 50 minutes, contained in each degree, 
for 1 shall only consider tlie case in which the circle is divided 
into parts of 10 minutes. Now the length of the first arc of 
30* will be obtained by measuring it against the second, and 
the lengths of the first and second arcs of 20 (whose sum will 
give the* arc of 40) by measuring the first against each of 
the remaining arcs. The length of the third arc of 20' must 
likewise be pnt down, and then the first arc of 10 being 
measured against the second of the arc of 20', in which it is 
included, and also against the two arcs of 10' contained in 
the last arc of 20^, its own value, and that of the last 10 in 
the degree, will be determined from a comparison with the arcs 
of 20, in which they are respectively comprehended. The 
length of this last arc of 10 being taken from that of the whole 
degree, will give ns the length of the first 50, and complete 
the operation. 

In order to ascertain the greatest possible error to which we 
are liable in the examination, let t denote in parts of a second 
the greatest Oiat can be committed in bisecting any point upon 
the limb; then, since this cwrcH’ may occur at each end of the 
are, it is evident that e in the expression deduced above 

(*!ZjP X 2 p i) will become 2«, and the expression itself 
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2r—"I 

X 4p e. Hence the possible error will be —c = 2 e at 180*^ 

?i 4* =3€at90“; x 4 c = 3.33 c at GO"; 

2^2 3 3 

q_o 

f X 2 e +- X 4 X 2e = 4e at 120". The greatest error 

3 

must therefore lie betwixt 90 and 120", and nearer to the 

extremity of the latter than of the former arc. At 105" it will 

o 

be5.50e; at 111" it will be 5.50 e—f. I,5e4*-- x 4x 2e = 

5 


9,70 r; and at 111" 10' it will be 9.70 « —1. 1,04 e (the excess 
of the error at 111" above (hat at 112") 3 + 3413 « = 12.85 c, 
which will be found to be the greatest error betwixt 105 and 
120", and of conrse the greatest in^the first semi-circle. In the 
other semi-circle, the process being the same, the possible errors 
must necessarily be the same at the same distances from the first 
point, reckoning the contrary way upon the circle. 

The magnitude of the quantity e will of course vary upon 
circles of the same radios, according to the excellence of the 
glass employed, and the accuracy of the examiner s eye. It 
will .seldom, however, exceed one second upon a circle, whose 
radius i.s one foot: and in general it will not amount to so much. 
1 find that 1 can read off to a certainty, within less than three 
fourths of a second, and hence I conclude, that I could examine 


the divisions of my circle without being liable to a gret^ter error 
than 9.(>3 seconds, and those of a circle of three feet radius 


without the risk of a greater error than 3.21 seconds. 

To those people who are accustomed to entertain such exalted 
notions of the accuracy with which astronomical instruments 
can with a certainty be divided, this error, I dare say, will 
appear very considerable; but for my part, I am perfectly 
satisfied that it bears but a small proportion to the accumulated 
error which may take place, in spite of the utmost vigilance 
of the artist, in an instrument divided according to any method 
which has hitherto been made public. I need not, however, 
remark upon the very great improbability that the error of 
examination should ever attain or approach, to its extreme 
limit, as this must be sufficiently obvious to any person who 
is in the least degree conversant with the doctrine of chances; 
but it may be proper to observe, that we have it in our power 
(and in this respect the examiner possesses a most important 
advantage over the divider of an instrument) to diminish its 
probable amount, as much as we please, by bringing the 





OaMPBNDlUM or PEACTICAI. tUviNTlONS. 


Pr%r*mr tmv m tfvMrat ^ imtrwmmU. 


■loveable vu^ th« micrometer and microscope several times 
to bisect their respective points in the measurement of every 
arc, Md taking a mean of the different rtadingu-off for the true 
position of the wire at the real bisection of the point. The wire 
may be moved in this manner eight or ten times at each point 
(if such a degree of caation should be thought necessary,) and 
the mean taken in little more than a minute, so that the time of 
performing the work will not be so ranch increased, as might 
perhaps have been apprehended, and when it is completed, we 
nay reasonably presume tliat the distance of every point from 
asero (whilst the temperature of the circle continues uniform) 
will have been detcurnuned with sufficient exactness for every 
practical purpose. 

Of the time necessary for the examination, a pretty cmrect 
idea may be formed by consideriog how many measurements 
ve required, and allowing about a minute and a half for each ; 
I.«. a quaurter of a minute for bringing the extreme points of 
the arc to the nucrometer and the microscope, and a minute 
and a quarter for making the several bisections. Now, in 
dividing the whole circle into arcs of 15'' each, it will appear 
that forty-four measurements must be performed; and to 
examine every point in each arc of 15'*, there will be 161 
required, making in ail 3908 measurements; and consequently 
the time necessary for completing the whole work will be 58^ 
minutes, or about 98 hours. 

Tbe time and labour required f(w this examination are, no 
doubt very considerable; but it ought to be recollected, that 
it will render any great degree of precision, in dividing the in¬ 
strument totally unnecessary. Whoever indeed employs ibis 
metbod of examination will be virtually the divider of bis own 
instruramit, and all that he will ask of the artist, is to make him 
a point aboat tbe end of every 6ve or ten minutes, whose 
distance from zero be will determine for himself, and enter in 
his book to be referred to when wanted. We may likewise 
cftiserve, that by this exanuoation we shall not only he secured 
against the errors of division, but nguost those whiob write 
^om bad cmitering, and from the imperfect 6gure of tbe circle, 
nod vhich in general ve of too gr^ n magnitade to be neg- 
hioted. 

It will, I dare sny, have occurred to yoo, that whenever we 
are desirous that an observation should be particularly exact, 
we may guard it against the effects of unequal expansion or 
centvactioii iu tbe metal, by means of tbe apparatus whiob I 
have described: for we have only to measure t^ arc which 
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has been determined by the observation against the whole circle, 
or against the multiple of it, which approaches nearest to the 
circle, and from thence to deduce its value in the manner 
explained above, and we shall either have entirely excluded the 
error which we apprehended, or have rendered it t6o small 
to be of any impoitance. Suppose, for instance, that the arc 
determined by the observation was 48°; then by measuring it 
against the whole circumference increased by an arc of 24°, we 
shall obtain a result free from any greater error of unequal 
temperatare, than one-eighth of Uie increase or decrease of this 
arc of 24° beyond a due proportion to that of the circle ittelf. 

This expedient gives ns all the advantages of the French 
circle of repetition, without the inconvenience arising from 
being obliged to tom the instrument, and move the telescope, 
so many times in the course of the observation. Nay, I am 
persuaded that the result may be made more accurate in this 
way, than by the French method, because not only can the 
object be more frequently observed, but the contacts or biseo^ 
tioDs, it may be presumed, will be more exact when the observer 
is not disturbed by the hurry attendant upon the use of the 
repeating circle; and with respect to any error in the instru¬ 
ment, from whatever cause it may arise, it will be as elfectuuliy 
excluded by the process which I recommend, as by moving 
the telescope ronnd the circle. Besides, this method is appli¬ 
cable either to the azimuth or altitude circle, or indeed to any 
circle which tarns upon its own axis, whereas the French 
method can never be applied to the azimuth circle, nor to any 
other circle which does not turn both upon its own axis, and 
upon one which is perpendicular to it. 

After all, however, it is possible that the process which I 
have been explaining to you may be no new discovery, and 
that you may be already acquainted with it. If this should 
be the case, you will be kind enough to inform me; at any 
iwte indeed, I should esteem myself gpreatly obliged, if you 
would favour me with your sentiments upon the subject, al 
toon as you can do it irim perfect convenience to yoarself. 

1 am, dear Sir, 

Vonrs, Ac. 

WILLIAM LAX. 
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Ah Instrument for clratoing Ellipses. 

An instrument of this description has lonf been a desidera> 
tom in the art of drawing, as ail the methods hitherto in use 
sure liable to objections, either for want of neatness in their 
performance, or in the extent of application. The present 
instmmmit is completely general in its properties, lieing capable 
of describing ellipses of any possible dimensions or proportions 
of diameter, within the size to which it is made, and it is equally 
applicable to engraving and drawing. The general size of tlie 
instrument b twice as large as the drawings in plate LXXIX: 
when it is used, it is placed upon the paper, or surface where 
the ellipses is to be described, and the square frame held fast 
by one hand, while the moving circles are turned round by the 
other, to trace the curve by means of a drawing pen, properly 
situated for that purpose. 

Fig. 1 represents the whole instrument, looking down upon 
its plan; fig. 2 is an elevation, to show the thickness of its 
several parts; and fig. 3 is a cr6ss section. 

The moving parts of the instrument consist of two brass cir* 
cles (AB) of equal dimensions, so fitted together that they will 
slide one upon another, by means of the pinion K, to se|)arate 
their centres to any required distance within the extent of their 
radii; the centres have no central bar, but instead thereof have 
two bars, a a, parallel to each other, and at some distance from 
the centre, leaving an open space between them, in which the 
drawing pen or tracing point is situated ; there are also crooked 
arms, h b, proceeding from the bars a a to the circular rim, to 
give them sufficient strength, and these being all the bars across 
the circle, leaves them sufficiently open to see the curve as it 
is traced teneath by the drawing pen. 

The circles are united by screws at cc, screwed into the 
lower circle, and the two bvs a a of the upper circle are 
included betwemi them; this keeps the two together, but at 
the same time admits of sliding them one upon the other in the 
manner of the figure. At s e are two other screws, tapped into 
Bie other circle, and retaining the bars of the lower one in the 
same manner. The centre (Hii for the pinion K is fixed on one 
of the arms of the lower circle, and acts upon a rack <f, screwed 
to the upper circle, so that it separates the two when turned 
round by we finger and thumb, applied to the milled bead K, 
upon it, but the circles are fitted together so tight by the screws, 
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that they will not separate from each other except by the power 
of the pinion, and may, in the motion of the instrument, be 
considered as firmly united together, but capable of having any 
degree of eccentricity given to them by means of the pinion K. 

The circles are turned round in their square frames, by 
means of six small handles, / f f f f f, fixed in the rim of 
the upper circle; to an^ two of these the thumb and finger of 
the right hand are applied. 

The frame or fixed part of the instrument consists of four 
straight rulers D£, and FG ; the latter are screwed down upon 
the former, and are therefore in a plane above them, as is shown 
by fig. 2, plates of brass being interposed between them, at the 
angles, to sofiarate them to a proper distance. 

The lower circle 4, is fitted in between the two lower rulers, 
DE, and slides freely to the direction of their length, but has 
no shake sideways; in like manner the upper circle B is 
included between the edges of the rulers FG, and therefore 
moves ill a right line, in a direction perpendicular to the former; 
thus the frame forms two grooYes at right angles to each other, 
in which the circles revolve, with an eccentric motion, the 
upper circle sometimes hanging over the lower rulers, and the 
lower circle passing under the lower rulers, as is shown - in the 
figure. 

The result of this motion is, that a tracer placed on any 
part of the circles when they are rendered eccentric, will describe 
an ellipsis on the surface beneath, but the only tracer which is 
used for drawing, is situated between the bars a a; into this 
space a small carriage or frame g is fitted to slide freely from 
one end of Uie opening to the other, by means of a rack k 
screwed to one side of it, with a millet hea^ and a pinion L turn¬ 
ing on a centre-pin fixed into the upper circle BB. The frame 
has a brass socket, H, moving on a centre-pin fixed across it, 
and having a hole in it for the reception of the leg of a pair of 
common drawing compasses, M, which stand as in fig. 2, when 
in use, the pen tracing the curve upon the {>aper ; but4hey admit 
of being lifted up on the centre-pin of the socket H, and then 
for the convenience of setting the instrument, the circles can be 
turned about without making any marks. 

The transverse section, fig. 3, shows the frame g g, and 
the manner in which it is fitted into the bars a a of Uie circles, 
also the socket H, moving on its centre-pin, and the two pair 
of racks and pinions, K d, and L h, the former for the purpose 
of separating the circles, and the latter for moving the frame 
g along between them ; the frame g is so fitted that it continues 
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at the same point, with respcnit to the upper circle B, when the 
centre of the two are separated from each other by the motion of 
the pinion K, and may therefore be considered os immoveable 
when the lower circle only is moved. 

To keep the frame of the instrument stationary upon the 
paper whilst it is used, two sharp pins are fixed iu the ruler P, 
which penetrate the paper, and make it quite fast, when they 
are held down by the finger and thumb of the left hand 
applied upon the heads of the nuts, NO ; these are introduced 
to unite the ruler P with the ends of the two upper rulers FG, 
but the screws of these nuts passing through groo\e8 in the 
ruler P, admit the whole instrument to be moved on the paper 
a small quantity parallel to itself, in the direction of the ruler 
P, though the friction of the fitting is such that it will not 
move unless some force is applied for that purpose ; the same 
screws, where they pass through the ends of the rulers I'tjr, 
are also received in grooves, so that by unsercwiug the nuts, 
the whole iastroment can be moved sideways, a small quantity 
nearer or farther from the ruler P, but by screwing these nuts 
fast, the screws become fixed to FG, though they still admit of 
moving in the grooves of the ruler P. 

The reader w'ill now comprehend the structure of the instrii- 
meat; the circles are capable of revolving in the frame set with 
any required degree of eccentricity ; and the tracing point or 
pen can be removed to any required distance from the centre of 
the upper circle B ; Bie compasses M, being opened to the ex¬ 
tent of a mark made upon one of the bars of the frame, and tbeu 
being fixed in the instrument, by pushing them into their socket 
H, it is ready for use. 

In this state, suppose the two circles set by the pinion K 
exactly concentric with each other, and the pinion L tamed 
till the end of the frame ^ comes into contact with the rim of 
the instrument, then the point of the pen M will come exactly 
in the centre of both circles, and the circles being turned round 
in the frame by their handles, the pen will otdf mark a small 
point on the paper, which will be the centae m any carve the 
iDstmmeut may be afterwards made to describe. 

By turaiug the pinion L, the point of the pen may be 
removed to any distance from the centre, within the radius of 
the instroment, and it will, when tamed round, describe a 
circle which may be made of waj radios, from the smallest 
point to the size of the circles; this is the simplest case of the 
lostrameot, and may be considered as an ellipsis when the 
difference of its diameters is infinitely small; when the circles 
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are rendered eccentric it draws an ellipsis, and by turning 
the piniuii L Uie breadth of the ellipsis will be determined, and 
by tile other (K) the difference between its breadth and length 
is regulated. 

Suppose the pinion K turned to render circles eccentric 
without moving the other pinion, the pen therefore remains in 
tlie centre of the upper circle ; in this case the pen will describe 
a straight line, e<|ual in length to twice the eccentricity of the 
circles : this is evident, because the circumference of the upper 
circle BB, moving against the straight-edge F uudG, its centre 
must describe a line parallel thereto; this case may be considered 
as an ellipsis w ithout breadth, for if the pen is set the smallest 
quantity out of the centre of the upper circle, it will draw a 
very narrow ellipsis, and by setting it at different distances 
from the centre, any required proportion of ellipses may bo 
described. 

The conjugate diameter will in all cases be equal to double 
the distance from the point of the pen to the centre of the 
upper circle, and the ditierence of the conjugate and transverse 
diameters will be always equal to twice the eccentricity of the 
two circles^ 

The principle upon which this instrument operates, ig the 
same as the trammel, employed by carpenters and other arti¬ 
ficers, for striking ovals, by means of a board with two cfbss 
grooves in it, and a beam or radial bar, which has two pins 
to operate in the grooves, and a third to draw the curve; to 
prove this, suppose PP, and QQ, fig. 4, to be the two diameters 
of the intended ellipsis, tlien,«if the three points d, e, and /, are 
marked upon an inflexible bar, and the points d and e constantly 
applied to the two diameters, PQ, and a tracing point situated 
at/is carried round by the bar, it will describe an ellipsis RR; 
this is the principle of the traipmel, but its defects, as at pre¬ 
sent constructed, are well known. 

First, it will not draw any ellipsis which is less in either of 
its dimeniions than the size of the board or frame containing 
the cross grooves, representing the two diameters PP, and QQ; 
nor can it draw much larger, unless the diameters are nearly 
equal. 

Secondly, it is difficult to fix the cross firmly on the paper, 
or to bring it to the exact point required for the centre of the 
ellipsis ; and, thirdly, when this is done, the most perfect work¬ 
manship in the grooves and sliders, can scarcely ensure its 
moving freely without shake or improper motions, so as to 
make an accurate and fair curve. 
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All these defects are obviated io the present invention, by 
extending the two points d and e to become the largest circles, 
AB, 6g. 1, and then the rulers DE, and FG, represent the 
sides of the grooves, in which tlie points move ; the point of 
the pen of the compasses ]U, now represents the point ^ in all 
its properties of moving along the bar, to enlarge or diminish 
the ellipsis, but with the advantage that it can be actually 
brought to coincide with one of the points d or €, whcm of 
course it will draw a straight line, and if brought to agree 
with both of them, it will deocribe only a point; therefore this 
instrumeiit will describe any possible variety of ellipsis within 
the limits of its radius, either as to siae or proportion of its 
diameter. 


DIRECTIONS FOR I SING THE INSTRUMENT. 

When any ellipsis of given dimensions is to be drawn, the 
paper is prepared by drawing the two diameters, about four 
inches long ; upon each of these, set off with the compasses 
the four points where the intended curve is to iiilt'rsect tho 
lines. This preparation is nut essential, hut it assists in setting 
the instrnment in its true place ; lirst, fill Che drawing pen of 
the compasses witli Indian-ink from a catneUbair pencil, (for 
common ink soon destroys the steel points of the pen ;) then 
adjust the screw, that the pen may draw a proper line ; and fix 
the com passes in to the brass socket il, so that they have no shake 
or looseness in the fitting ; turn the circles about in their frame 
so that the pen is towards the side marked G ; now place the 
whole instrument in such a position, that the centre of the 
four rulers coincides with the centre of the intended ellipsis. 
This may be estimated; or. by'^previously producing the two 
diameters, the frame may he set very nearly, taking care to 
place the upper rulers FG parallel to the greatest diameter. 
Here fix the instrument, by pressing the two pins ompoints of 
the mler P, into the paper, and hold it fast, by placing the 
tbamb and forefinger of the left band upon the nuts NO, 
leaving the other hand at liberty to turn the circles about, by 
applytog the finger and thumb to any opposite two of the small 
handles f. Now, by turning the pinion L, remove the draw¬ 
ing pen to the extent of the shortest diameter of the ellipsis; 
then tarn Uie circles one half round by the handles, and 
mine if the point of the pen comes exactly to the opposite 4tad 
of the shortest diametmr; if it does not, adjust the error oqe 
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half, by moving the pen by turning the pinion L; and the 
other half, by moving the whole frame on the paper. The 
screws of the nut JNO, will admit this motion, being fitted 
into grooves in the ruler P, (which should not be disturbed,) 
but the nuts should not be screwed so tight us to ]}re%ent the 
motion; then, by returning the circles buck again, its accuracy 
will be ascertained ; for if it meets the former mark, it proves 
that the circles are in the right centre, and the compasses are 
set to the proper diameter for the conjugate axis ; now turn the 
pen towards the length of the ellipsis, and without altering the 
compasses or pinion L, slide the circles one upon the other 
by the pinion K, till the point of the pen arrives at the mark 
made for the length of the ellipsis; turn the circles half round 
to the opposite end, and if they match the mark made there, 
the adjustment is correct; if not, one half the error must be 
corrected by moving the circles with their pinion K, and the 
other by moving the whole frame on the paper. To do this, 
the nuts NO must be made slack, and then the frame will be 
at liberty to move, as before described ; but the ruler P must 
never be removed after the first lixing, and the side D of the 
frume will of course be a greater or less distance from it. 

The adjustnaents being made in this manner, the pen may 
he sulfeifd to rest n])oii tlie paper, and trace round the curve. 
The precaulioiLs of turning the circles to the opposite sides w ill 
be unnecessary, except where great accuracy is required. In 
turning the < ircles about, a habit will be easily acquired of 
jtressing with equal force on the two opposite sides of the circles, 
and then they will turn round pleasantly. 

It will save much trouble in adjusting the place of the 
instrument upon the paper, if the compasses before being put 
into the socket li, are opened to the extent of the arch struck 
upon the ruler G : then, when the compasses are put into their 
socket, and the pinion L turned back us fur as it will go, the 
point of the pen will come exactly into the centre of the ellipsis 
which it is intended to describe; if, therefore, the centre of the 
ellipsis is marked upon the paper, and the point of the pen 
(when opened to the above extent, and the pinion L turned 
till the end of the frame y touches the rim of the circle,) being 
brought by moving the whole instrument ou the paper, to this 
mark, the instrument is adjusted at once as to its position on the 
paper, and the other adjustments for the dimensions of the 
ellipsis required to be drawn, must be made as before directed. 

After having draw' an ellipsis, if it is required to draw 
another parallel to it, to show the thickness of a circular plate. 
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set the pen opposite G, fig. 1, and by the screws of the nuts 
NO, as before mentioned, being fitted in grooves, the frame 
and the circles may be moved with the longer axis parallel to 
itself, so as to describe another ellipsis parallel to the former. 


Method of transferring Pictures to new Grounds, 

The want of an efficient metliod oftransferriugtouew grounds, 
’pictures which are hastening to decay, or on w'alls or ceilings 
which are likely to be palled down, has often been regretted. 
The paper we shall here give to the reader, is perhaps the best 
essay on the subject, that has hitherto been made public. 
By this process, any paintings on the ceilings, walls, or 
wainscots of old buildings, however large, on curved or straight 
surfaces, and of whatsoever shape, may be preserved from 
ruin and handed down to posterity, when otherwise they 
would be lost; and this may be done without defacing or injur¬ 
ing them. 

The first thing to be attending to, either for paintings on 
plaster walls or ceilings, or from boards, is, that the place in 
which they are, be secure from wet or damp. If the paintings 
are on old wails, in large buildings, and places where this 
cannot be attained by art, then the summer seasons should be 
taken for the purpose, as a picture would rarely escape damage, 
if wet or damp get at it w hile under the process ; at the same 
time caution should be taken that the room or place be not over¬ 
heated, which would also produce equally bad effects. These 
precautions being taken, the next thing is to examine the force 
of the painting. If there are any holes in the same, they must 
be carefully filled up with paste, or putty of glue and whiting ; 
this, if the holes are large, should be done twice or thrice, 
so as entirely to fill up the holes, and to leave the face even and 
smooth ; but if tltere are any bruised places, with paint still 
remaining on the face of the bruised parts, then this stopping 
must not be applied, but the securing canvass, berpafter de¬ 
scribed, must be pressed down into such places. In tlie places 
that are stopped, there will of course appear blemishes, when the 
picture is transferred : but the process is rendered much more 
certain hy ^is treatment of the deficiencies. 
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Attention must next be paid, to lay down any blisters, or 
places where the paint is leaving the ground ; this is done by 
introducing, between the paint and the ground, some very 
strong paste made of flour and water; 'and the face of the 
blistered paint being damped with a wet sponge or pencil, it 
may be pressed with the hand home to the ground, to which 
it will then adhere. All the unsound places being thus secured, 
care must be taken to clear the face of any grease or dirt, as 
also of any particles of the paste, that may happen to be left 
on tiie surface. 

The next thing is to determine the size of the painting 
meant to be taken oil’; and if on a plain surface, a board of 
the size of the picture must be procured, of not less than an 
inch in thickness, and framed together with well seasoned wood, 
in small pannels, smooth and flush on one side. This done, 
a piece of flue open canvass must be provided, such as the 
finest sort used for hanging paper on. This canvass should be 
made somewhat larger than the picture, and so sewed toge¬ 
ther, and the seam pressed, that it may be perfectly smooth and 
even. It may be called the securing canvass; and being so 
prepared, it is struck on the face of the picture, with a paste 
made of strong beer, boiled till it is half reduced, and then 
mixed with a suflicient quantity of the finest wheaten flour to 
give it a very strong consistence. To large pictures, on walls 
or ceilings, the canvass must for sometime be pressed, and 
rubbed with the hand as smooth as possible, working it from 
the n^iddle to the outside, so as to make it tolerably tight, and 
observing, as it dries, to press it with the hand or cloth, into 
any hollow or bruised places, so that it may adhere to every 
part of the painting. This done, it is left to dry, which it will 
mostly do in a day or two. When dry, a second canvass, of 
a stronger and closer sort, and of the same size as the other, 
is in like manner to be attached on the top of the first. This 
last canvass will want very little attention, as it will readily 
adhere to the first; and, being dry, any small knots or un¬ 
evenness which appear on it must be removed. Then the whole 
should be again covered with a thin paste of size and whiting; 
when dry, the surface should be pumiced over, so as to make 
it perfectly smooth and even. 

The painting being thus secured, the board, already pre¬ 
pared to the size of the picture, is to be put with the smooth 
side against the face qf the uppermost canvass, so as exactly 
to cover the surface intended to be transferred. The edges of 
the canvass, which as before directed, are left larger than the 
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painting, are then to be pulled tight over, and closely nailed 
to the edge of the board. If the painting be largo, eitiier on 
ceilings or walls, the board must, by proper supports, be firmly 
fixed against the picture, so that it can readily be lowered 
down when the plaster and painting is detached. 

The canvass and board being fixed, the paintings from walls 
or ceilings are to be freed, together with u certain portion of the 
plastering; this with proper care and attention may readily be 
done. If on a ceiling, the first thing is to make some holes 
through the plastering round the outside of the board and 
painting, aud, with a small saw, to saw the plastering from 
one hole to another, till the whole is disunited from the 
other parts of the ceiling. The workman must then get at the 
upper side of the ceiling, where he must free the plastering 
from the laths, by breaking oflf the keys, and with a chisel, 
cut out the laths, whereby the plastering, together with the 
picture, will be left resting on the boards and supports. If 
there be apartments over the ceiling, the readiest way will be 
to take up a few of the flooring-boards above ; if next the roof, 
means may always be found to get at the back in the same way ; 
and although at first the operation may appear diilicult, yet it 
is presumed, no difficulty will be found by any ingenious 
workman. 

If the painting is on a brick or stone wall, the wall must be 
cut away at the top, and down the sides of the painting ; and 
then by means of chisels or saws, of dififerent lengths, the wall 
most be cut away quite behind the painting, which will bp left 
with the plastering resting on the board. This operation may 
sometimes be done with a saw ; or, if the wall be not thick, 
Bor the other side of much consequence, the bricks or stones 
may be taken out from that side, leaving the plastering and 
painting as before. 

If paintings are on curved surfaces, such as the coves of ceil 
ings, then the only difference of operation is, that some ribs of 
wood must be cut out and boarded smooth to the curve of the 
surface of the painting, against which they must be fixed, in 
place-of the before-described bearing board; the painting is then 
to be freed, and left with the plastering resting on the bearers. 

For paintings on wainscot or boards, the same process is 
exactly followed, only that, as the wainscot or board can always 
be cut to the size wanted, and laid horizoutal, the securing 
canvass is stretched tbereon, and turnedpver its edges till it is 
dry ; after which the edges are again turned up, and nailed to 
the board, in the same manner as those from walls. 
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foar pieces of canvass are to be nnnailed from the board, and 
the edges tamed np the reverse way, and nailed to a proper 
atretcbing frame. This is done by unnailing from the board 
a part on each side at a time, and immediately nailing it to the 
stretching frame, so as never to leave the canvass to rack or 
partially stretch, which would damage the picture. In this 
manner, by degrees, the cloths are entirely detached from the 
board, and firmly fixed on the stretching frame. The super- 
flnous canvass left larger than the frame, may then be cut off, 
and the wedges put in the frame, and moderately tighten¬ 
ed np. 

There remains now only to clear the face of the painting 
from the securing canvass, which is done by repeatedly wash¬ 
ing the face with a sponge dipped in moderately warm water. 
In doing this, no violence or force mast be used : with frequent 
and gently washings, the paste will all be worked out with the 
sponge; the outer canvass being cut round the edges, is then 
to be stripped off, and the other next the face of the picture is 
to be done in the like manner. It will then only remain to 
clear the paste off entirely, and repair any defects; and the 
picture will be as strong as if it had been originally painted 
on the canvass to which it is transferred. 

For taking pictures off walls, without taking the walls down, 
or catting away more than the plastering, the following process 
Is proposed :—The face of the picture to be first secured with 
canvass, in every respect, in the manner before-described : then 
instead of the plain board, a bearer should be prepared, with 
a convex surface, composed of ribs, boarded over, so as to 
form part of a cylinder, of not less than five feet radius, and 
as long as the height of the picture. This bearer being prepared, 
in order to apply it, a floor or platform should be erected, and 
placed horizontally, with its surface level, and its edges imme¬ 
diately in contact with the bottom of the picture meant to be 
transferred. The use of this platform is for the above-described 
bearer to rest and move upon; the bearer should be set on its 
end, with one edge in contact with the wall, at one side of the 
picture ; consequently the other edge will be at some distance 
from the wall, according to the size of the picture and convexity 
of the bearer. Being thus placed, the superfluous edge of 
the securing canvass should be turned over, and nailed to that 
edge of the bearer that is next to the wall; then the operation 
of cutting away the plastering should be commenced ; it may 
be done with the corner and end of a short saw, by sawing 
between the brick-work and plastering, leaving the thickness. 
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or part of the thickness of the plastering, on the painting 
fastened to the bearer; and when this edge of the picture is 
freed, the whole height for nine or ten inches under the edge 
of the bearer that is furthest from the wall, must be gently 
forced nearer ; consequently the other edge, together with the 
painting and plaster that is freed, will leave the wall, and 
give an opportunity of introducing the saw behind, and cutting 
away the same to a certain distance further under; and by 
repeating this, the whole of the picture will at last be freed, 
and left on the bearer. Each time the bearer is removed, 
and in effect rolled on the vertical surface of the wall, care 
must be taken to turn and nail the securing canvass on the top 
and bottom edges of the bearer, so as to secure the freed part 
of the plastering and picture from moving about; and, lastly, 
before the bearer and painting be moved, care must also be 
taken to nail the other edge of the picture in the same way, 
which will secure the whole to the bearer. This done, the 
picture and bearer are at liberty to be moved to a proper 
place, in order to be freed from the plaster taken from the wall; 
the edges may then be nnnailed, and the painting-and canvass 
slipped from this bearer on to a plain board ; the new canvass 
must then be put on, and remain till dry, as in other cases. 

It may appear that the bending of the canvass and plastering 
to the convex bearer, will crack the plaster, and damage the 
painting ; but it will be found in practice, that to the curve 
mentioned, or even a less radius, plastering will bend, without 
any visible crack, even on its exterior; and that part next the 
bearer, not having occasion, in bending, to extend its parts, 
will consequently be much less liable to be disturbed by such 
bending. 
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Method qf preserving and repairing the Defects of 
the Canvass qf Oil Paintings, 

1st. Separate the canrass from the pannel, or straining frame, 
and lay it on a smooth table, with the painting downwards, 
and nail it securely, 

2nd. Take a piece of tin>fuil, larger than the canvass, and 
spread it evenly on a very smooth table. Then melt some Salis¬ 
bury glue in the same manner as tor cabinet-makers' use. 

3rd. Warm the tin-toil before the tire, and lay it again on 
the table, then wash it over with the glue, and place it on the 
back of the canvass, secured as above, as quickly as possible; 
smooth it perfectly with the hand, and let it remain in a warm 
room to dry. 

4th. To repair the cracks of the canvass, in an old oil 
painting, lay it on a smooth table, the subject dow'nwards ; 
then with a brush or fine linen, cover the cunvuss with some 
melted white wax, and, with a warm flat smoothing iron, rub 
over the wax, and press it hard, which w ill draw' the colours 
up to the canvass. 

5th. To varnish the painting, clean it w-ell, take some white 
wax, and spirits of turpentine, with a small quantity of linseed- 
oil, and sugar of lead ; melt them over the lire, dip a tine 
linen rag therein, with which wash the painting; then, with 
a fine linen rag, rub over the varnish, till it begins to be polished; 
let it remain till next day, and then rub it over with a Hue 
waxed cloth, and afterwards w'ith a soft linen cloth, using them 
alternately, by which means the painting will receive a very tine 
polish. 

By the above means the cracks and small holes in old paint¬ 
ings may be closed and repaired, and a coat of tin-foil may be 
afterwards glued on the back of the canvass, as above-mentioned. 

A foot square of the tin-foil costs about sixpence ; when 
wanted of a larger size it will cost considerably more in propor- 
tfon. It may be procured in sheets of three or four feet if 
wanted. 
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Preparation of colourless Ox-gall for Painters in 

Water-colours, 

Ox-gall, deprived of its tendency to putridity, and its colour¬ 
ing matter, so detrimental to all delicate colours, is prepared in 
the following manner: 

To a pint of fresh ox-gall, boiled and skimmed, put one 
ounce of alum, finely powdered ; continue it on the fire until 
combined ; when cold put it into a bottle, and cork it moder¬ 
ately close. 

To another pint of fresh ox-gall, also boiled and skimmed, 
put one ounce of common salt, and continue it on the fire 
until combined ; when cold, put it into another bottle, and 
cork it moderately close. 

Gall, thus prepared, will keep perfectly free from putridity, 
or any offensive smell. 

When the above preparations have stood in a room, of a 
moderate temperature, for about three months, they will deposit 
a thick sediment, become clear, and fit for ordinary purposes, 
but as they contain a large portion of yellow colouring matter, 
tinging blue of a greenish hue, reds, brown, and sullying 
purples; they are unfit for general use in painting in water¬ 
colours. For their further purification, therefore, after they 
have been decanted, let them be combined in equal proportions \ 
a thick coagulum is instantly formed of the yellow colouring 
matter, which precipitates, leaving a clear liquid, namely, the 
colourless ox-gall. 

After the combination of the two first preparations, the 
process may be assisted by filtering the liquid through paper. 
Age renders this preparation more brilliantly clear, and seems 
even to give it an agreeable scent; nor has it been observed to 
contract, at any time, an unpleasant smell, or lose its useful 
properties, which we shall now proceed more particularly to 
notice. 

This preparation possesses all the valuable properties of 
ox-gall, as applicable to painting in water-colours, with the 
superior advantages of being deprived of all tendency to 
putridity, and of all colouring matters. 

It combines with, and fixes, all water-colours, as they are 
usually prepared, either by being mixed with them, or washed 
over them after they are laid upon the paper, &c. It renders 
blue, purple, red, green, and all other delicate colours, more 







62 COMPENDIUM OP PRACTICAL INVENTIONS. 


T0tmkina'a method nf freparirng colourleaa ox^ll. 


bright and durable; and if a small portion of it be added to 
any of the colours, it causes them to wash more freely and 
evenly over the surface of the paper, ivory, &c. 

Combined with gum-arabic, it gives depth of tint, without 
any unpleasant glossiness upon the surface of the drawing, 
and prevents the gum from cracking; and the colours are so 
completely fixed in the paper itself, that subsequent tints ran 
be washed over them without any risk of their becoming foul, 
or forming improper combinations with the under colours. 

Combined with fine lamp-black and gum water, it forms a 
complete substitute for Indian-ink. 

If it be floated over the surface of drawings, made with 
chalks, or black-lead pencil, it fixes them firmly ; and they 
may then be washed over with any water-colours, previously 
mixed with a small portion of it, w'ithout in the least degree 
disturbing the chalks or black-lead. 

For miniature painting, being washed over the surface of 
the ivory, it completely removes its grcasiiiess ; and being mixed 
with the colours, it cause them to float freely thereon, and 
tints may be laid on after tints, the colours being struck into 
the ivory. 

For transparencies, oiled paper, being first washed over 
with the refined ox-gall, and permitted to dry ; water-colours, 
mixed with some of it, will lie freely, and perfectly smooth 
upon it, and be so fixed, as not to wash up by the repetition 
of different glazings of colours, over each other, thus produc¬ 
ing depth of colour. 

In short, the valuable properties this refined ox-gali possesses, 
makes it equally applicable to bi.storical, landscape, botanical, 
and natural history painting, as well as to colouring prints in 
general ; and by its readily combining with all the vehicles 
ased in the preparation of water-colours, and having no colour 
in itself, it enables the artist to paint with ease on surfaces 
otherwise unfavourable, at the same time rendering the colours 
more bright and durable. 
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Method of preparing Ox-gallfor the Use of Painters. 

It has long* been a desideratum to find out a method of pre¬ 
paring ox-gall for the use of painters, so as to avoid the disagree¬ 
able smell vrhich it contracts by keeping in a liquid state, and 
at the same time to preserve its useful properties. The follow¬ 
ing method of doing it is very economical, and will be, to those 
who use ox-gall, a great saving, as it will prevent it from putri- 
fying, or breeding maggots : 

Take a gall fresh from the ox, and put it in a basin; let it 
stand all night to settle, then pour it off from the sediment into 
a clean earthen mug, and set it in a sauce-pan of boiling water 
over the fire, taking care that none of the water gets into the 
mug. Let it boil till it is quite thick, then take it out and 
spread it on a plateor dish, and set it before the fire to evaporate; 
and when as dry as you can get it, put it into small pots, and 
tie papers over their tops to keep the dust from it, and it will be 
good for several years. 

In this concentrated state, the ox-gall is very convenient 
for use, as a small cup of it may be placed in the same box 
which contains other colours. 

The general qualities of gall are well known to artists in 
water-colours, particularly to those who colour prints, as many 
colours will not, without gall, w’ork freely on such paper, on 
account of the oil that is used in the printing ink. 

The artists who make drawings in water-colours, also use gall 
in the water which they mix their colour with, as it clears away 
that greasiness which arises from moist hands upon paper, and 
makes the colour w^ork clear and bright. 

Gall is also useful to housekeepers, sailors, and others, to 
clean woollen cloths from grease, tar, &c. 

For all these purposes, the ox-gall, prepared as above 
directed, is as useful as the freshest gall that can be procured, 
and much cheaper on account of its durability. It is rendered 
fit for use in a few minutes, by dissolving it in the proportion 
of the size of a pea to a table-spoonful of water. 
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Method of preparing Oil-colour Cakes. 

Takeof the clearest gum mastic, reduced to fine powder, four 
ounces ; of spirits of turpentine, one pint; mix them together 
in a bottle, stirring them frequently till the mastic is dissolved : 
if it is wanted in haste, some heat may be applied, but the 
solution is best when made cold. Lot the colours to be made 
use of, be the best that can be procured, taking care that, by 
washing, &c. they are brought to the greatest degree of fineness 
possible. When the colours are dry, griiul them on a hard 
close stone (porphyry is the best) in spirits of turpentine, 
adding a small quantity of the mastic varnish ; let llie colours 
so ground again become dry ; then prepare the composition lor 
forming them into cakes in the following manner;—Procure 
some of the purest and whitest spermaceti: melt it over a gentle 
fire, in a clean earthen vessel; when fluid, add to it one-third of 
its weight of pure poppy oil, and stir the whole well together. 

These things being in readiness, place the stone on which 
the colours were ground on a frame or support, and by means 
of a charcoal fire under it, make the stone warm ; next grind 
the colour fine with a muller; then, adding a suflicient quan¬ 
tity of the mixture of poppy oil and spermaceti, work the 
whole together with the muller to a proper consistence ; take 
then a piece, of a fit size for the cake vou intend to make ; roll 
it into a ball, put it into a mould, press it, and it will be 
complete. 

When these cakes are to be used, they must be rubbed 
down in poppy or other oil, or in a mixture ol spirits of 
turpentine and oil, as may best suit the convenience and in¬ 
tention of the artist. 

The colours prepared according to this process, have the 
valuable property of drying without a skin on the surface ; 
tliey work as freely at the same time as common oil-colours; and 
one artist, in his trials of them, observed, that the red-lead 
appeared to be better preserved from changing, by this mode of 
preparing it, than by any other. 

It may be observed, that the Inventor’s colours in bladders, 
are prepared with a mixture of spermaceti, and differ only 
from the cakes by having a larger proportion of oil. 
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Process for producing the Lights in stained Drawings. 

The difficulty of preserving the lights in stained drawings 
with freedom and precision, is so universally felt by those who 
cultivate that branch of the arts, the practice of which is every 
day growing more extensive, that the statement of this circum¬ 
stance alone is sufficient for the iiitroduction of the following 
process, by which that difficulty is remo\ed, and by which all 
the effect of body colour may be obtained, without any of its 
inconveniences or defects. It is applicable to every subject, to 
the richness of foliage, of rocks, or of fore-grounds ; and in 
ruins, their most picturesque appendages of hanging shrubs, 
weeds, &,c. may be expressed by it with the utmost sharpness, 
and with all the liglitness and freedom with which body colour, 
or oil-painting is susceptible. 

The principle of this process consists in covering the places, 
where the touches of light are intended to be, with a composi¬ 
tion not liable to be displaced by washing o^ er it M’ith the colour, 
and such as may be atterwards removed by a ffuid in which the 
colours used in water are not soluble. 

This composition, or stojiping mixture, is madeb} dissolving 
bees’ v'ax in spirits <d' turpentiin', in the proportion of one ounce 
td’ wax to live ounces of the spirits ; and as near the time of using 
it i\< may be convenient, grind with the pallet-knife as much 
flake-white or white lead, in spirits of tuipentine, as may be 
wanted at one time; dilute it with the above solution until it 
will work freely with the pencil, and appear on the paper, w'hen 
held between the eye and the light, to be opake. It is neces¬ 
sary to observe this, or the first touches will not be sufficiently 
visible, after being washed over with the colours, to ascertaiu 
the places of the second. It is also necessary to use a frame 
instead of the drawing-board, or to paste the paper on the 
frame of the drawing-board, so as to remove the pannel; because 
the first and second touches must be put on wdth the drawing 
placed between the ye and the light, as they will be most 
visible in that situation. On this frame paste the paper wet, so 
as to dry firm: when quite dry, draw the outline, and proceed 
as follows : 

1st. With a fine small hair-pencil, and the stopping mix:- 
ture, cover those places where the clear whiteness of the paper 
may be wanted, except the sky: let it dry a few minutes; then 
•wet the paper on both sides, and while it is wet wash the sky. 
SO. ^oL. 11. K 
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The shadows of the clouds, distances, and general breadths 
of shadow, must be put in with the grey tint; and over the 
places of the light wash the tints of the brightest light; those 
will be generally yellow ochre, or light red. 

The light of the clouds may be preserved sharp by pressing 
on that part a piece of tissue paper, previous to the washing 
of the sky; this, by absorbing the superfluous moisture, will 
prevent the colour from spreading further than is desired, 
ouffer the whole to be very dry; and 

2dly. Touch W'ith the stopping mixture the sharp and 
prominent parts of the brightest lights ; let them dry a few 
minutes, then wash over tliem with the tints of the next degree 
of light. 

3dly. Stop with the mixture the second order of touches, 
and wash over them with the middle tints ; strengthen also at 
the same time the breadths of shadow. 

4thly. Stop with broad touches of the mixture the places of 
the middle tint, uniting them to the former touches, and 
extending them so as to graduate the middle colours into the 
shadow ; strengthen the shadows, making them nearly as dark 
as they are intended to be, and let the whole be perfectly dry. 

Then take spirits of turpentine, and with a sponge, or hog’s 
hair pencil, wash over the places where the mixture has been 
used, rubbing it with the brush until it is dissolved : clear it 
away with a linen rag, and wash it with more spirits of turpen¬ 
tine so long as any white lead appears; then let it dry. 

Warm the drawing; then with a soft brush, and highly 
rectified spirits of wine, wash the places where the spirits of 
turpentine have been used, to clear away the remainder of the 
latter; rub the drawing lightly on the face, but sponge it well 
on the back. 

When dry, tint down the lights where it may be wanted ; 
harmonize the colouring, and cut the shadows to effect, with 
still darker tints as may be necessary. 

If other touches of light should afterwards be wanted in the 
shadowed parts, the colour may be easily removed by a pencil 
formed of sponge, with water, sufficiently to produce them with 
as ranch strength as can be desired ; then stop them with 
the mixture; wash the shadow over the touches, bringing it 
to the colour taken off; and when dry, remove fhe mixture 
with the spirits of turpentine and spirits of wine. 
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A Sinical Octcmt for taking Altitudes. 

This instrument will be extremely useful to the sailor ; it 
will enable him to produce the answer to any question that may 
be proposed in trigonometry, plain, Mercator’s middle lati¬ 
tude, or parallel sailing; also to determine the bearing and 
distance of any known place, almost instantaneously. In short, 
it comprises all the properties of the tables of latitude and 
departure, either in points or degrees, and qualifies the sailor 
to keep the ship’s account completely, without the help of 
scales or tables. 

This instrument consists of a flat, angular piece of hard wood 
BAC,plate LXXVIII, fig. 5, of an equal thickness throughout, 
having upon its face either lines and figures as below described, 
cut into the wood itself, or printed upon a paper from an 
engraved coj»per-pIate, and cemented upon its surface, which 
must be afterwards varnished ; and of a moveable limb AD, 
turning upon a pin A, screwed into two brass j)lates riveted into 
the piece BAC as an axis : this limb is made bevelling towards 
its fiducial edge, the better to read off the divisions. 

The advantages of this contrivance consist in its simplicity, 
its easy adaptation to the uses of the mariner, and its very great 
cheapness; in fad, it might be very readily constructed by any 
one in the least degree acquainted with geometry, for his om'd 
use, by meielv drawing the lines upon paper, and cementing 
them upon the board and limb. Its merit, however, will be 
better understood, by a description of its geometrical construc¬ 
tion, and a few examples of its uses. 

This octant is the sector of a circle BAC. The vertical 
angle A contains 45", being the eighth part of a circle, as its 
name implies, or of 300". 

The leg AB is graduated into 90 equal parts, which may 
represent miles, leagues, &c.; through the points of division 
lines are drawn, perpendicular to AB, to meet the opposite side 
AC, or the arc BC ; and for the facility of numbering or 
reckoning, every 10th perpendicular line from A is made 
stronger than the intermediate ones. 

Another series of lines are drawn at the same distances, 
parallel to AB, to meet the leg AC, or the arc BC, and every 
10th line from AB is also made stronger than the intermediate 
nine lines, for the reason before given. •• 
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The arc BC is graduated into 45''. A moveable limb or 
rule AD, is attached at A to the instrument, and moveable 
round the same point A; the thin edge AD of tiie rule is gra> 
duaied into a scale, the same as the side AB of the octant. 

By this conUruction, a right-angled tiiangle may be formed 
in any given proportion, and to any extent that the limits of 
the instrument will admit of. 

The scale AB is numbered from A to B, and the scales on 
•very 10th perpendicular to AB are numbered from the line 
AB towards AC. Tiie arc BC is numbered from B tow'ards C. 

In forming any right-angled triangle, it is to be understood 
that there must always be two given parts, and that a side of the 
triangle must always be one of these parts, conibruiable to the 
rules of plain trigonometry. The parts tiiat are thus given, 
may be either two sides, or one side and an angle. These two 
sides may either he the two legs, or thehypolliemise and one of 
the legs. When an angle is one of the given parts, it must bo 
concerned either with the hypothenuse, or with one of the legs. 

The most usual data is an angle and the Inpothenuse ; 
though the other data forming llic diflerent cases, may be use¬ 
ful upon certain occasions. 

In navigation, any distance measured upon the meridian 
between any two points or places, is called the diflereiice of 
latitude of these points or places. But if a vessel do not sail 
directly north or south, but makes the sauie angle with every 
meridian she comes to, whether towards the north or towards the 
south, the distance from the place she sailed from, and to the 
place she arrives at, is simply called her distance: and the 
angle which she forms with the meridians, is called her course. 
The perpendicular distance between the point from which she 
arrives, and the first meridian from which she sailed, is called 
her departure; and the distance intercepted by this perpen¬ 
dicular on the original or first meridian, to the place she set 
sail from on the same meridian, is her difference of latitude ; 
and thus, by only giving particular names to the parts of the 
triangle, instead of the general ones, as the course for the given 
..angle, and the distance run for the hypothenuse; one of the 
legs is her departure, which is always opposite to the course, 
and the other her difference of latitude, which is one of the 
Ipgs that form the course. 

If it happen that the course contains a greater angle than 
45'', it gijual^ he subtracted from 90°, so that, in this case, her 
difference of latitude will he opposite the given angle, instead 
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of her departure; that is, opposite the an gle made at A, by the 
moveable rule AD and the side AB of the octant. 

The use of this iDstroment will be best explained by an 
example or two. 


EXAMPLE I. 

Suppose cue course to be 10°, and the distance nearly 80 
miles, the departure and difference of latitude are required. 

Bring the fiducial edge of the limb upon the course 10°: 
observe which of the perpendiculars, opposite the angle A, is 
cut by the moveable limb ; then the departure will be found 
upon that perpendicular, to be 14 miles from the line AB to the 
point 80, upon the edge of the rule AD ; and the difference of 
latitude to be 78 and about two-thirds, upon the side AB of the 
octant from A to the point cut by the perpendicular from 80, 
or the nearest within 80 in the edge AD of the limb. 


EXAMPLE II. 

Suppose the course to be 75°, and the difference of latitude 
83 miles ; the distance run and departure are required. 

Subtract 75° from i)0°, and there remains 15°, which gives 
the angle opposite the diflerence of latitude ; bring the fiducial 
edge of the limb AD upon 15° on the arc BC, observe the 
point on the edge of the limb AD, cut by that perpendicular 
from AB, which just contains 33 miles : and the distance inter¬ 
cepted between A and this perpendicular, on the side AB of 
the octant, is the departure as required. 


EXAMPLE Ill. 

Suppose the course to be 62°, and the departure 74 miles; 
the distance run and the difference of latitude are required. 

Subtract 62° from 90°, and there remains 28°, for the angle 
opposite the difference of latitude. Bring the fiducial edge to 
28° then from 75 on the side AB, observe the length of the 
perpendicular, or the next nearest perpendicular towards the 
centre A, from AB, to the edge AD, of the limb; which will 
give 40 for the difference of latitude. 
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EXAMPLE IV. 

Sappose the diflereiice of latitude to be 68 miles, and the 
departure 28 miles, the course and distance are required. 

Take the point 68 upon the side AB, then upon the perpen¬ 
dicular from 68 number 28 miles ; bring the fiducial edge to 
the point 28 on the perpendicular, then the distance 73^ inter¬ 
cepted upon the fiducial edge of AD, from A, to the point 28 
on the perpendicular, is the distance run; and the angle 22^'' 
contained by the fiducial edge, and the side AB of the octant, 
is the course. In addition to the divisions above mentioned, 
thPre is likewise an arc divided into four principal divisions, 
and these again subdivided into halves and quarters, answerable 
to the points of the mariner's compass in the octant, or eighth 
part of a circle, which leaves it in the mariner’s power either 
to take points or degrees, according to the accuracy of tbo 
operation required. 


A Centro-Uneadffor drawing Lines towards inaccessible 

Vanishing Points. 

This elegant instrument, called by the Inventor a Centro- 
linead, is designed to remove the difficulties which occur in 
drawing lines to inaccessible vanishing points in perspective, an 
operation hitherto found very troublesome to perform, especially 
where the distance of such points from the drawing exceeds the 
distance of the walls of the apartment, and even in offices, 
where the distance is only ten or twelve feet. It will be found 
in its application more easy to handle, to require less attention, 
and to perform with greater facility, than a heavy rule of the 
tame length, which takes up the whole of the room, thus only 
admitting one person to draw at a time. The inventor having 
experienced its efficacy in teaching Architecture and Perspec¬ 
tive, for more than twelve months past, can speak with confi¬ 
dence of its performance. The idea of it occurred to him more 
than twenty years ago, when be had a model made sufficient 
to explain its properties, though not sufficiently accurate for use. 
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In fig. 1, plate LXXX, let AB and CD be two bars so 
regulated by the following contrivance, that the straight edge 
CD of the bar CD in motion may always cut a straight line AB, 
passing through the middle of the bar AB, at rest. For this 
purpose let £ and F be two points in the line AB, and let El 
and FK be two other bars, so that the lines FK and £1 passing 
longitudinally through their middle may be parallel: AG is 
another bar, of which a line IIG passing through the middle is 
parallel to the line EF passing through the middle of the bar 
AB ; then EFGII will be a parallelogram; Now let the points 
I and K be in the li«ie CD; then suppose E to be a fixed point 
in the bars AB and El ; F a fixed point in the bars AB and 
FK ; G a fixed point in the bars FK and GH ; H a fixed 
point in the bars El anti GJl ; 1 a fixed point in the bars 
El and CD; and K a fixed point in the bar FK, but not in 
the bar CD; suppose the bar AB fixed, and the other parts 
put in motion according to this construction, the points I 
and K will describe similar arcs, and the bar CD will always 
cut the line through the middle of AB at the same distance 
from either of the points E or F. 

In order t<i effect this motion, PQ is a groove parallel to the 
right edge CD; NO is a slider ; K is a point common to the 
slider NO and to the bar FK, so that when the instrument is in 
motion the point K will alwa\s be in the edge CD. 

The bar FK is so contrived that it may be lengthened or 
shortened to certain limits, so as to make the vanishing point 
on the one side or the other as may be required, in the follow¬ 
ing manner. 

The bar FK is made double. The lower part FG is fixed 
to AB and GH, and the upper part LK has a longitudinal slit 
to slide upon a pin G passing through the bars GH and FG. 
In the line FK at M is another pin, in order to keep the middle 
of the slit in the straight line FK, and to fix or unfix the two 
parts of LK and FG at pleasure. 

To show the truth of what has been asserted, let AB and 
CD, fig. 2, be the two bars of which AB is fixed ; then if 
CD be moved according to the preceding regulation, the line 
CD will always pass through the same points in the line AB 
produced. 

For though IR be drawn parallel to AB, so that EFRI will 
be a parallelogram : then because of the similar triangles KRI 
and lES, KR, : RI : : IE : ES ; but since IR, RI, IE. are 
given lengths, the fourth proportion ES will therefore be inva¬ 
riable, whatever angles the instrument makes in its revolution. 
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To set the instiumeRt so as to fend to the same point in 
which, if two straight lines AB and TU, fig. 3. would meet 
if produced, lay the edge of the instrument AB upon. the 
straight line AB, then suppose the parts of the diagram as 
expressed by the similar letters to those in fig. 1, to be the 
elements of the instrument, the middle of the bar AB be laid 
upon AB ; move the other parts so that the point I may meet 
the line TU in V, unscrew the nut of the lengthening and con¬ 
tracting bar FK, and revolve the line CD round I, which is 
fixed so that ID may fall upon VU, then screw the nut tight, 
and the instrument will be set as required. 

There must always he an index or line on'the fixed barAB, 
so as to set it to a given point in the vanishing or other line, and 
that the instrument may be remo\ed when necessary, and set 
to its place again with the same accuracy as before. 


An instrument for drmeing Lines towards an imiecessibh 

Centre, 

This instrument, like the preceding, will be found extremely 
useful in making perspective drawing.s, by giving an aifist the 
means of making a drawing upon a board or table of moderate 
dimensions, though the vanishing points fall at ever .so great a 
distance; it is quite general in its properties, being capable of 
drawing parallel lines, which may therefore be considered as 
converging to a point at an infinite distance, or it may in a 
moment be altered to draw to a point within a few inches 
distance. 

The first instrument of this kind, the Inventor made in the 
year 1807, and he has had it in constant use ever since, as it 
applies with advantage to almost every perspective drawing; the 
simplicity and cheapness of this instrument will, in some cases, 
•jive it a preference to the centro-linead, particularly where a 
picture requires to have two or three of the instruments in nse 
at once, for as many different vanishing points which fall 
beyond the limits of the drawtng-board. Two or more may be 
used at ence, without aay inconvenience, because it has no 
attachment to the drawing-board, and may tberefore be removed 
in an instant to apply any other rules, &c. which the drawing 
requires. 
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It may be used indifferently to draw to a point, either on 
the right or left side. To set against these advantages, it is not 
80 readily adjusted to the direction required, as the instrument 
described in the last article, but when once done, it is not liable 
to be deranged. 

This instrument acts upon the drawing-board, or table, on 
which the paper is fastened, with as much facility and as little 
attention as a T-square does, when drawing parallel lines, and 
will be found extremely useful to those who draw buildings, &c. 
in perspective, as the points to which the lines for such draw¬ 
ings should converge, will often fall at a distance of 12 and 15 
feet from the picture, so as to render it impracticable to employ 
rulers of suilicient length to reach the points, and there is, ex¬ 
cept this instrument and Nicholson’s above-described, no other 
practicable method of drawing such lines. 

The instrument consists of three rulers, AJB and D, fig. 4, 
plate LXXX, w hich are united by a common centre-screw a, 
and have a thumb-screw d, which fixes them fast at any angle 
at which they may be placed; EF are two fixed weights, or 
rests, against the edges of which the rulers AB are applied, 
when the instrument is used ; or pins fixed into the table will 
answer the same end very conveniently. By sliding the instru¬ 
ment against these stulioi^iy points, as shown in the figures, 
the ruler D will draw converging lines, as shown by the dotted 
lines, which all converge to a common centre, the distance of 
which will depend upon the angle of the ruler AB, and the 
situation of the points EF; the edge of the ruler D, must in all 
cases be made to bisect the angle formed between the other 
two, otherwise the lines which it draws will not converge to a 
common centre, but will form a tangent to a circle of small 
radius, described round the intended centre-point; this indeed 
is a case which geometricians may sometimes find useful, but 
for artists, who require the lines to converge to one point, the 
thin edge of D must bisect the angle formed between A and B. 
The manner of setting the instrument for any particular case, 
is thus :—Suppose we have given the two extreme lines rwr 
and 8 ws (dotted) which converge to the intended point; 
suppose it is required to draw a number of others to the same 
point, the pins or weights EF, must be set upon these lines, 
but at equal distances from the centre or point where the lines 
would intersect: to find the situation proper for these points, 

E lace the leg of a pair of compasses upon some point situated 
etween the two lines, r s, and find experimentally by repeated 
trials, that when a circle (as shown at w u') is described by the 
30. VOL. II. L 
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other point of the compasses, the two lines r s will form tan¬ 
gents to it; from this point, which suppose at n, with a snfficiei^t 
opening of the compasses, mark off two points as at EF, by 
striking an arch EF across the lines, and these will be equidis¬ 
tant from the centre. The pins being placed in these points, 
apply the instrument to them, with the clamp-screw d loose, 
then slide the rulers AB against the pins, till the ruler D comes 
to one of the lines, as r, and here incline the rulers on their 
centre-points, till the edge of D corresponds with it, when A 
is in contact with the pins; now remove it till the ruler D 
matches with r, and there make a similar adjustment, that B 
tvill touch the pins. The clamp-screw being now fastened, fix 
the rulers as they are adjusted; and then on sliding the two 
rulers A and B against the pins EF, the edge of the third ruler 
D, will, in all positions, tend to the same centre-point as the 
lines rr and ss; the angle or point a, in which the rulers AB 
meet, will, in the motion of the instrument, describe a segment 
of a circle, as shown by the dotted line n E a F r, and the cen¬ 
tre to which the lines tend is a point in the op^iosite circum¬ 
ference of that circle. This point will be found by bisecting the 
distance EF upon the dotted arch, and from this point, drawing 
a line throngh the centre of the circle E a F v till it cuts the 
opposite circumference, and to this jioint the lines will converge. 

If the instrument is required to have a greater range, or to 
draw more convergent lines than belw'een F r and E s, other 
pins must be fixed for its rulers to act against; taking care, that 
they are placed at the same distance from E or F as these afe 
from each other. Their proper situation will be determined 
by the rulers AB themselves ; thus, by sliding the rulers against 
the pins, till the angle between them comes to one of the points 
E or F, the new point must be placed so as to be in contact with 
the edge of that ruler which overhangs the pins, and at the same 
distance from the present pins E or F, as it is between them. 

The constrnction of,the instrnment is apparent, from inspec¬ 
tion of the figure; the two rulers AB, have circular parts bi 
behind the centre, which apply one upon the other, and a 
projecting part / from the ruler D lies over both; the centte 
screw a passing through all three; an arched groove is cut 
through both the circular parts m m, to admit the screw d, 
*^which also passes through It and thus fastens them all three 
‘ together, by screwing into a nnt, fitted into the arched grcove 
of the lower one; the ruler D is made of wood or ivo^, a? 
‘shown separate in fig. 6, and screwed to the under tide of f,'so 
‘‘that it Comes into the same plane with A and B. T%e iffStru- 
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meat will draw parallel lines like a T-square, when AB are set, 
in a straight line, and if tlie circular part m is graduated, it will, 
make a protractor, to set out angles; hg. 5, is an extra-ruler, 
to be applied in lieu of D, when the instrument is required to’ 
draw lines to a centre, on the opposite side; it is merely reversed 
tp the other, having the hole in I, which is for the cfntre-screw a 
m the line of the opposite edge to that which is shown in use in 
one being intended to draw lines tending towards the left- 
hand side, and tine other towards the right-hand side. 


A Perspectograph, or Instrument for I)rawing Objects 

in Perspective. 

In examining the various contrivances that have been 
invented for the purpose of making perspective drawings by 
mechanical apparatus, it will be found that none have been 
brought into general use, although most persons in the habit of 
making such drawings have expressed a wish that some contri¬ 
vance might be found possessing simplicity in its form, moderate 
in its expense, and so small in bulk, that an artist might 
conveniently carry it to the objects of delineation. 

One of the most simple, and perhaps the best contrivance, 
is described in a work on perspective by F'erguson ; this is 
composed of a brass frame fixed upon hinges, which enables 
the artist to lift it up and lay it down when the perspective point 
is obtained. The mode of getting the point is by the inter¬ 
section of two wires or line threads, which may be made to 
cross each other within any part of the frame, but as these 
must frequently have to cross each other at very acute angles, 
the precise point must be very dillicult to obtain. Besides this 
objection, the instrument, from the nature of its construction, 
must of necessity be fixed to a board, which, added to the frame, 
would render this no very portable object. These were the 
considerations which gave rise to the present invention, and 
when the great number of persons arc considered, who can draw 
plans and elevations with neatness and accuracy, but who have 
no knowledge of the rules of perspective, nor inclination to pass 
through a series of mathematical problems to obtain a proficiency 
therein, sufficient to enable them to draw even a simple piece 
of machinery perfectly, it renders the invention of such an instrii- 
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ment exceedingly desirable; at a time too like the present, when 
the knowledge of science is so widely diffused, and is still suscep¬ 
tible of considerable improvement, if accuracy of depicted repre¬ 
sentation keep pace with correctly written information. 

The principul objection to all instruments that find the per¬ 
spective points, or extremes of lines, is the length of time that 
is necessary for conducting the operation. But let an artist who 
has all the advantages arising from practical habits of drawing, 
sit down to delineate a machine, (or any object that may be 
chosen,) and let a person in the habit of using such an instru¬ 
ment as the present, begin with the same subject at the same 
time, and tedious as the operation of finding points may appear, 
I should have no fear but the result would prove in favour of the 
instrument: at the same time, the superior accuracy produced 
by it, would appear evident. 

It will not be denied, that there are many respectable artists, 
who have a knowledge of perspective suflicient to answer most 
cases in architectural and picturesque delineation, that would 
greatly object to draw a complex piece of machinery in per¬ 
spective, there being such a degree of accuracy required in this 
branch of art, and so many rules to put in practice to obtain 
perhaps only a few lines or points, that it requires the aid of 
some mechanical invention to abridge the labour and ensure the 
accuracy of the operation. 

It is not in machinery alone that such a rigid degree of 
accuracy is requisite ; scientific subjecis in general require it to 
be continually exercised. By way of example, the Inventor 
executed with this machine, perspective drawings of crystals, 
such as appeared most difficult to represent by the common 
rules of perspective. These subjects are frequently occurring 
in the science of mineralogy, and present to an artist one of the 
most difficult tasks in the practice of perspective ; but by the 
application of the instrument, they are rendered comparatively 
easy, even to those unaccustomed to perspective delineation. 

The principal part of this instrument consists of a steel rod, 
having a small slider, which is capable of moving up and down 
upon it freely, but remains stationary by the pressure of two 
small springs acting on the rod. This slider carries a project¬ 
ing piece of steel, having a small point bent at right angles at 
its extremity. One end of the rod is screwed fast to an axis, 
which turns in a brass joint, which has an adjustment for 
tightening it, so that the rod may be kept in any position. 

The brass joint moves on an axis perpendicular to the one 
attached to the steel rod : this axis serves to unite the apparatus 
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to a clamp, which may be fixed to any table or board by a 
thumb-screw. To the side of the clamp, two small loops are 
fixed, through which a steel bar slides, carrying the eye-piece, 
which may be fixed at any distance, and retained by a ti{>hten- 
ing screw in the loop; the eye-piece may also be elevated or 
depressed at pleasure, and kept at any height that may be 
desired by a small thumb-screw. 

When (he instrument is to be used, the clamp must be 
screwed tight to a board or table, and the paper upon which 
the drawing is to be made, must be laid down close to the clamp, 
and fixed firmly with a few bits of soft wax. The pin or axis 
upon which the brass joint turns, is then to be pressed firmly 
through the holes of the clamp, and the steel rod which has 
the slider upon it will stand perpendicular to the table by the 
pressure of the spring under it, similar to the joint of a clasp 
knife. This rod may now be moved from the right hand to 
the left, generating by its motion an imaginary semi-circular 
plane, which is to be considered as the plane of the picture; 
by the union of this motion, and that of the slider upon the bar, 
the steel point may be brought to any given position in the 
plane ot the picture. 

The theory upon which this instrument is formed being 
understood, the practice will consist in placing the object to be 
drawn at a convenient distance from the supposed plane of the 
picture, and ha\ing fixed upon the height at which the eye of 
the spectator shall view the object, next determine the distance 
the picture shall be from the eye, (or, as it is frequently called, 
the point of sight.) This being done, the eye of the artist 
must be applied to the hole in the eye-piece, and the steel point 
be brought to coincide with the extreme point of any line in 
the object to be drawn. Having performed this part of the 
operation w'ith great exactness, the rod may be turned down 
by moving the brass piece upon its axis (using for this purpose 
the small handle) until the steel point comes in contact with 
the paper, when the fore-finger must be pressed upon it till the 
bent point enters it sufficiently to make a visible puncture, 
which is the perspective representation of one extreme point of 
the given line. The same operation is to be repeated to obtain 
the other, and the two points being joined by a line, it will be 
the perspective representation of the original line, in the object 
to be drawn. 

When curved lines are the object of delineation, any num¬ 
ber of points may be obtained in them by the instrument, which 
being transmitted to the paper, and carefully drawn through 
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with a steady^ hand and a fine pencil, the perspective representr 
atioD of curved objects may be obtained with great ease. 

Tbe foondation of this instrument is a brass clamp, see 
plate 1«XXX, fig. 6. having a screw at A to fix it to a table, 
drawing-board, &c.; to the lower part of this clamp two loops 
are attached, in which the bar B slides, and may be kept at any 
distance within its range by the binding screw c; the bar B has 
a loop fixed on one end. as shown at d. to receive a rod £, at 
tbe end of which is placed the sight-piece F; this rod may be 
retained at any height by the screw G. 

To the upper part of the clamp two ears are attached, one 
of which is seen at h; between these the block p moves on an 
axis or taper pin, the end of which is seen coming through the 
ear at h ; the block g has an axis passing through it a little 
above, and exactly at a right angle to the taper pin before- 
mentioned ; the one end is seen at i, fig. 8, and from the other 
projects tbe piece k to receive the bar this bar may be turned 
from the right hand to the left, and vice versa, retaining its 
position at any angle by the friction on the axis, which naay 
be increased at pleasure, os the block which receives it is 
divided in two, the upper part being pressed upon the axis hy 
a tightening screw, shown at«, fig. 8, vthich represents an end 
elevation of the upper part of the clamp. 

The slider N moves freely up or down, the bar / retaining 
itself in any situation by the pressure of two small springs 
inclosed within it, pressing against the bar. 

The bar /, which is attached to the block by it.s axis, is 
kept in a perpendicular position by a spring pressing under the 
block, exactly in the same manner as the spring of a clasp- 
knife presses upon tbe square tongue or shoulder of the blade. 
TTie position and action of this is best seen by dotted lines at 
o, in the side elevation of part of the clamp at fig. 7 ; s, in the 
same figure, shows the under half of the divided brass block* 

The slider N, has a projecting piece formed into a ppint 
as showm at fig. 9, the <md P being used to make a coincioEli^e 
with any part of the object to be drawn, and the point g, 
which stands at right angles to it, is for the purpose of marJuEg 
the perspective representation of that point upon tbp drawing, 
when the bar and slider are laid down npon the paper, and the 
point pressed upon by the finger, so as to make a small 

puncture. . . 

Tbe handle r, is for the purpose of elevating or 
the bar and slider when they have been brought to any position 
desired, and it prevents the accidental shitting of the bar. 
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which might occur if the hand of the operator was to touch it 
in laying it down. 

Fig. 10, is a plan of the clamp, the letters the same as 
referred to in the other figures. 

When the instrument is to be prepared for use, the brass 
block or joint g is to be fixed in the ears of the clamp by the 
axis or pin h, upon which it turns. This part of the apparatus 
is then ready to be screwed to a table drawing-board, &c. by 
the thumb-screw A. The paper upon which the drawing is to 
be made, may be fastened to the drawing-board on one side, 
by passing it under the clamp before it is screwed to the board 
or table, and the other sides may be confined by a few wafers, 
sealing-wax, &c. 

The bar /, by the pressure of the spring under the brass 
block or joint, will stand perpendicular to the drawing-board, 
and may be turned either to the right or left, generating by such 
motion an imaginary plane, which, we have before observed, is 
to be considered as the plane of the picture. 

The slider N may be moved up or down upon the bar «, 
when it will be seen, that by the union of the two motions, namely, 
of the bar upon its axis t, and of the slider N upon the bar /, 
the small point fixed to the slider may be placed any where in 
the supposed plane of the picture. 

The rod B, is to be placed in the loops on the side of the 
clamp, the eye-piece F fixed in it at any height or distance 
that may be considered most convenient for veiwing the object 
to be drawn, and the instrument is ready for use. The method 
of obtaining the perspective representation of right lines and 
curved objects having been before described, it will be unneces¬ 
sary to repeat it; we have only to observe, that tlie w'hole 
instrument can be packed up in a case 12 inches long, 3 inches 
wide, and 2i inches deep. 
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Application of SteatitBs^ or french Chalky to the 
Imitation of Engraving and Carving on precious 
Stonest 

The stone which mineralogists call steatites, but which is in 
this country commonly called French chalk, bears in its coni< 
position a very strong resemblance to nnbaked china-ware. It 
consists of extremely fine particles, and has a \ery close texture ; 
it is susceptible of receiving a flinty hardness by exposure to 
beat, and after having been burdened, the must delicate lines 
and mouldings which have been made in it while soft, retain all 
their original sharpness and force. In this respect it is much 
superior to glass, paste, china-ware, or any other material 
which is wrought in its soft state, for the purpose of being 
afterwards hardened. It has been applied, with complete suc¬ 
cess, to the imitation of agate, and other stones. - 

Steatites, in its natural state, is sufTicieiitly soft to be cut with 
great facility by means of the graver, a file, or in a lathe, and 
admits of a very fine surface being left after the operation of 
the tool. When, therefore, the artist has produced the effect 
he desires, whether a cypher for a seal, or a portrait, &c. either 
sunk or in relief, the next operation is that of hardening his 
work. For this purpose, the steatites must be put into a cruci¬ 
ble, to which must be adapted a tile, or any suitable cover, 
and the juncture luted with a mixture of equal parts of fine sand 
and clay, or any ordinary fire-lute. The crucible should then 
be put into a coke or charcoal fire, the heat of which should 
be gradually raised ; and after having remained in a white heat 
for two or three hours, it should be taken from the fire, and 
suffered gradually to cool. The steatites will now be found 
perfectly hardened. 

As the natural colours of steatites vary, so do the shades of 
•the specimens which have been thus fired : some are of a milky 
white, others gray or brownish ; but whatever shade of colour 
is known to be the result of burning a particular specimen of 
steatites, that shade, or indeed the colour altogether, may be 
agreeably changed by the use of a variety of agents. WherR 
the natural colour of the stone is not such that it will become 
white by firing, the effect of diflTerent agents can only be deter¬ 
mined with precision by experiment. 
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Colours which dissolve in amber varnish, such as verdigris, 
ochre, &c. communicate their tints to steatites which has been 
fired; those which dissolve in spirit of turpentine give abrighter 
hue. The steatites, when the colours dissolved in either of 
these menstrua are applied to it, should be hot, and it is safest 
to use a charcoal fire in heating it, to avoid the metallic or 
sulphurous fumes which, as well as smoke, might arise from a 
fire of pit-coal. This stone may, in like manner, when heated, 
be stained by both acid and alkaline solutions of colours. In 
this way, the sulphuric acid is one of the most eificacious men' 
strua ; the hue, for example, given by the sulphate of indigo, is 
very pleasing, and admits of much diversity of tint by 
diflerences in the intensity of the solution ; the general tendency, 
however, of the blue colour communicated by this solution, is 
to grey ness. 

As it has been observed, that steatites in its natural state 
may be considered as a kind of unbaked china-ware, or porce¬ 
lain, it may justly be inferred that the most brilliant and durable 
colours may be communicated to it, by employing similar 
means and agents to those used in staining and painting upon 
porcelain: but those colours which are not in a state of com¬ 
plete solution, will seldom be proper, because they would 
defeat the intention of preserving all the sharpness and beauty 
of effect produced by the tool : they may perhaps be employed 
for back-grounds with advantage, although, it must be 
admitted, they are scarcely manageable without the use of an 
enaineller’s furnace. 

Amoim the most useful metallic solutions for staining stea- 
tites, are those of gold and silver : the nitro-muriatic solution 
of gold affords different shades of purple, according to its 
strength; and muriate of silver along with sulphuric acid, 
affords a black colour. When the steatites, stained by either of 
these metallic solutions, is exposed to a considerable heat, it 
acquires a metallic splendour, resembling the metal employed. 

Solutions in spirit of wine of carthamus, gamboge, logwood, 
dragon’s blood, or Indian red, may be employed to colour 
steatites, which receives their respective tints, by being immersed 
in them for a sufficient time ; generally an immersion of a few 
hours will suffice, but the colours thus communicated want 
force, and are not so durable as those afforded by means of 
heat. 

Steatites is incapable of fusion by itself; there is therefore 
no danger of destroying it in fhe firing : but as it acquires by 
heat a degree of hardness which enables it to resist the file, it 
31. VOL. II. M 
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is obvioQsly advantageous to give it, while in its soft state, all 
the smoothness of surface it is intended to possess. This may 
be dlone, by using successively emery or grit-stone, pumice- 
atone, tripoli, and putty of tin. Emery of successive degrees 
of hneness vrill polish it in its hard state, but not so expedi¬ 
tiously ; the putty of tin is used merely in giving the last and 
highest lustre to the work, and tiiis lustre may be made such 
as to equal that of the agate. A brush revolving in a lathe 
will he found an easy method of giving it a fine polis]), to such 
surfaces particularly, as cannot be reached with sufficient effect 
bv other means. 


T'/te Report of the Committee appointed by the Royal 
Society to consider of the best Method of adjustiv/r 
the fixed Points of 'Thermometers ; and of the 
Precautions necessary to he used in making Experi¬ 
ments icith those Instruments. 

It is universally agreed by all those who make and use 
Fahrenheit's thermometers, that the freezing point, or that 
point which the thermometer stands at when surrounded by 
ice or snow beginning to melt, is to be called 32°; and that 
the heat of boiling water is to be called 212” ; but for want of 
further regulations concerning the manner in which this last point 
is to be adjusted, it is placed not less than two or three degrees 
higher on some thermometers, even of those made by our best 
artists, than on others. The two principal causes of this 
difference are, first, that it has never been settled at what 
height of the barometer this point is to he adjusted ;♦ and 
secondly, that so much of the quicksilver in the thermometer 
as is contained in the tube, is more heated in the method used 
by some persons, than in that used by others. To show that 


* Fahrenheit fonnd that the heat of boilinc water differed arcordintr to the 
heisktof the barometer; but fuiitpoted the dtiferenre to be much greater than 
it really in. Mr. De Luc has Muee, by a great number of expi-rimentu made 
at very different lieif^hts above the level of the sea, found a rule by wliirh the 
difference in the boiling point, answering to different heights of the barometer 
la determined with great exactness. According to this rule, the alteration of 
the boiling point by Uia variation of the barometer from SOj to S0| Inches is 
1«.S9 of Fahrenheit. 
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this last circumstance ought by no means to be disregarded, 
suppose that the bait of a thermometer be dipped into boiling 
water as far as to the freezing point, and consequently, that 
the length of the column of quicksilver in that part of the tube 
which is not immersed in the water be 180°; and suppose that 
the heat of that part of the column of quicksilver be no more 
than 112°. If the thermometer be now entirely immersed 
in the water, the heat of this column will be increased 100°; 
and consequently its length will be increased byparts of 
the whole, as quicksilver expands part of its bulk by 

each degree of heat; and consequently the thermometer will 

, 180x100 , . , , . , . 

stand — ^ - or rather more than 1^® higher than it did before. 

Another thing to be considered in adjusting the boiling point 
is, that if the ball be immersed deep in the water, it will be 
surrounded by water which will be compressed by more than 
the w'eight of the atmosphere, and on that account will be 
rather hotter than it ought lo be. 

We are of opinion, that the quicksilver in the tube ought, 
if possible, to be kept of the same beat as that in the ball, and 
that the ball ought not to be imiucrsed deep in the water. 
These tw'o recpiisites may be obtained by using a vessel covered 
so as to allow no more passage than what is sufficient for carry¬ 
ing ofl' the steam ; form then, if the thermometer be inclosed in 
this vessel in such manner that the boiling point shall rise but 
a little way above the coNer, almost all the quicksilver in the 
tube will lie surrounded by Hie steam of the boiling water, and 
consequently will be nearly of the same beat as the water itself; 
we therefore made some experiments to determine how regular 
the boHing point would be wdien tried in such vessels, both 
when the ball was immersed in the water, and Avhen it was 
exposed only to the steam, as recommended by Mr, Cavendish.* 

'i'he vessel used in tliese experiments is represented in fig. 
1, plate LXXXf. AB o is the pot containing the boiling 
water ; T)d is the cover ; E is a chimney for carrying off the 
steam ; M tn is the thermometer fastened to a brass frame ; this 
thermorneter is passed through a hole F f in the cover, and 
rests thereon by a circular brass plate G ff fastened to its frame, 
a piece of woollen cloth being placed between G g and the 
cover, the better to prevent the escape of the vapours. 

There were two pots of this kind used by us ; one five 
inches in diameter and nine deep; the other in diameter 


• Phil. Trans, vol. LXVI, p. S80. 
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and 23 deep. Two of the thermometers principally used were 
short ones, the brass plate (G ff) being placed only 3^ inches, 
above the top of the ball, and the boiling point rising nut 
much above that plate: the third thermometer was much lunger, 
the plate G g being 17 inches above the ball. They were all 
three quick ; the first containing only 2^ degrees to an inch ; 
the second d*"; and the third 10'’. The first had a cylinder 
instead of a ball inch long and in diameter;*' the two 
others had spherical balls, about ? of an inch in diameter. 

On trying these thermoibeters in the above-mentioned vessels, 
with the water rising two or three inches above the top of the 
ball, we found some variations in the height according to the 
different manner of making the experiment, but not very consi¬ 
derable ; for the most part there was very little difference, 
whether the w'ater boiled fast or very gently ; and what differ¬ 
ence there was, was not always the same way, as the ther¬ 
mometer sometimes stood higher when the w'uier boiled fast, 
and sometimes lower. The diflercnce, however, seldom 
amounted to more than ^\^th of a degree, unless a considerable 
part of the sides of the pot w'ere exposed to the fire ; but in 
some trials which we made with the short thermometers in the 
short pot, with near four inches of the side of the vessel 
exposed to the fire, f they constantly stood lower when the water 
boiled fast than when slow, and the height was in general 
greater than when only the bottom of the pot was exposed to 
the fire. This difference, howe\ er, was not perceived in the 
trials of the long thermometer in the deep pot, as there seemed 
very little difference in the height whether the water boiled fast 
or slow, or whether more or less of the side of the pot was 
exposed to the fire. The greatest difference observed in the 
same thermometer, on the same day and in the same water, 
according to the different manner of trying the experiment, 
was half a degree. 

We made some trials with the long thermometer in the 
deep pot, to determine how much the height of the boiling 
point was affected by a greater or less depth of water above the 

* In tin* two »liort thermometers the quicksilver wniilcl have descended into 
the ball when cold, bad not the tube been swelled a little, close to the ball, in 
order to prevent it. 

t In all onr experiments, the water was boiled over a portable black-lead 
furnace, covered with an iron plate, which had a hole cut in it just bi* enoneh 
to receive the bottom of the pot; so that, by passing the bottom throngh this 
hole to a greater or less depth, we could expose more or less of the sides to the 
fire. In other experiments, not more than one inch of the sides was ever 
exposed to the fire. 
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ball. By a mean of the experiments it stood 66 of a degree 
higher when the water rose 16 inches above the hall, than 
when it was only three inches above the ball; so that increasing 
the deptii of water above the ball by 11 inches, raised the 
thermometer .66 of a degree, that is .(K> for each inch. 

We would by no means infer however from hence, that it 
is a constant rule, that the height of the boiling point is 
increased .06 of a degree by the addition of each inch in the 
depth of the water above the ball; as perhaps the proportion 
would be found very different in greater depths of water or in 
wider vessels. 

If this rule was constant, it would show that, when the 
pressure on that part of the water which surrounds the ball is 
increased by increasing the depth of water above the ball, the 
height of the boiling point is not altered tliereby more than 
half as much as by an equal increase of pressure produced by 
an alteration in the weight of the atmosphere : for the pressure 
on that part of the water which surrounds the ball is as much 
increased by an alteration of 11 inches in the depth of the 
water above the ball, as by an increase of of an inch in the 
height of the barometer ; and such an alteration in the height 
of the barometer is suflicient to raise the boiling point 1°.3. 

It seems as if the height of the boiling point was in some 
measure increased by having a great depth of water below the 
ball, as in general the short thermometers stood higher when 
tried in the deep pot than in the short one ; this effect however, 
did not always take place. In the former of these cases, the 
depth of water below the ball was about 18 inches, in the 
other only 4; but the deptli of water above the ball was the 
same in both cases. 

It must be observed, that when there was a great depth of 
water in the vessel, either above or below the ball, the experi¬ 
ments were much more irregular, and the quicksilver in the 
tube remained much less steady, than when it was small. When 
the depth of water in the vessel is great, it is apt to boil 
in gusts, which seems to be the cause of this irregularity ; though 
we could not perceive any regular connexion between these 
gusts and the risingof the thermometer. 

In the experimenfB made with the water not rising so high 
as the bail, so that the thermometer was exposed only to the 
steam, we very seldom found any sensible difference whether 
the water boiled fast or slow, but whenever there was any, the 
greater height was when the water boiled fast; the difference, 
however, never amounted to more than ^^^th of a degree. 
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There was scarcely ever any sensible dilference whether the 
short thermometers were tried in the short pot or the deep one, 
though in the former case the ball was raised very little above the 
surface of the water, and in the latter not less than 14 inches: 
neither did we find any sensible difference in trying them in the 
tall pot, whether there was a greater or less depth of water iu 
the vessel. 

As it was nevertheless suspected, that the heat of the steam 
might possibly be less near the top of the pot than lower down 
(for in these experiments the ball of the thermometer was always 
at the same depth below the cover, though its height above the 
surface of the water was very different) we made two holes in 
the side of a pot four inches deeper than the deepest of the 
foregoing, one near the top of the pot, and the other not far 
from the bottom, and passed the ball of the thermometer through 
one or the other of these holes, taking care to stop up both holes 
very carefully, so that no air could enter into the pot by 
them: no sensible difference could be p* rceived in the height, 
whether the thermometer was placed in the upper or lower hole, 
though in one case the ball was only three inches, and iu the 
other 21 inches, below the cover. 

The heat of the steam therefore appears to be not sensibly 
different in different parts of the same pot; neither does there 
appear to be any .sensible difference in its heat, whether the 
water boil fast or slow ; whether there be a greater or less depth 
of water in the pot; or whether there be a greater or less dis¬ 
tance between the surface of the water and the top of the pot; 
so that the height of a thermometer tried in the steam, in vessels’ 
properly closed, seems to be scarce sensibly affected by the 
different manner of trying the experiment. 

Though, as was before said, there was scarcely any differ¬ 
ence in the height of the quicksilver, whether the water boiled 
fast or slow, yet when the water boiled slow the thermometer 
was a great while before it rose to its proper height; and when 
it boiled very slow, it seemed doubtful whether it would have 
ever risen to it, especially if the ball was raised a great way 
above the surface of the water: but when, by making the 
water boil briskly, the thermometer had once risen to its proper 
height, the water might then ye suffered to boil very gently, 
even for a great length of lime, without the thermometer sinking 
sensibly lower.* 


* The reason of thU seem* to be that, while any air is left in the pot the 
steam cannot acquire its full degree of heat; and that when the water boils 
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All three thermometers were found to stand, in general 
from 30 to 65 hundredths of a degree higher when the ball was 
immersed a little way in the water (neglecting those observa¬ 
tions in which much of the sides of the pot were exposed to 
the fire) than when it w'as tried in steam : at a medium they 
stood higher, which is equal to the difference produced by 
a variation of ^’otlis of an inch in the barometer; so that the 
boiling point, adjusted at a given height of the barometer, 
with the ball immersed a little way in the water, will in general 
agree with that adjusted in steam, when the barometer is -r’^^ths 
of an inch higher. 

It must be observed, that in all these experiments a piece 
of flat tin plate w'as laid loosely on the mouth of the chimney £, 
so as to leave no more passage for the steam than what was 
suflicient to prevent the tin plate from being lifted up. In 
trying the thermometers in bteam, this is by no means unneces¬ 
sary ; for, if the cover of the pot does not fit very close, the 
thermometers w ill immediately sink several degrees on removing 
the tin plate; but when their balls are immersed in the water, 
the removal of the tin plate has no sensible effect. 

If this cover to the chimney bad been heavy, the included 
steam might have been so much compressed thereby, that the 
water and steam might have acquired a considerably greater 
heat than they ought to have done; but as this plate lay loose 
on the chimney, and as its weight was not greater than that of 
a column of quicksilver, whose base is equal to that of the 
mouth of the chimney, and whose altitude is T^'^th of an inch, the 
excess of the compression of the included steam above that w hich 
it would suffer in an open vessel, could not be greater than 
that which would be caused by an increase of ^th of an inch iu 
the height of the barometer, which is too small to be w orth taking 
notice of; for, if the excess of compression was greater than that, 
the tin plate must necessarily be lifted up so much as to afford 
a sufficient passage fur the steam to escape fast enough, though 
urged by no greater force than that. 

Though in the different trials of the same thermometer in 
steam, on the same day, and with the same water, so little 
difference was observed, according to the different manner of 
trying the experiment; yet there w'as a very sensible difference 
between the trials made on different days, even when reduced 


very Rently, the air is not easily entirely expelled from the pot. Tliat t^ 
■team will not acquire its hill degree of heat while any air is left in the pot, will 
appear from the next paragraph bnt one. 
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to the same height of the barometer, thongh the observations 
were always made either with rain or distilled water. The 
difference, however, never amounted to more than a quarter of 
a degffee, except in one thermometer, in which there were 
three observations out of eighteen which differed more than 
that; one of them differed so much as 0.65” from some of the 
rest. In the observations made with the ball immersed a little 
way in the water, there was a greater difference between the 
observations of different days, even neglecting those in which 
much of the sides of the pot were exposed to the fire. In two 
of the thermometers the different observations differed about 
iVir of a degpree from each other; but in the other thermometer 
they varied -^ffths. 

We do not at all know what this difference could be owing 
to, especially in the observations in steam. It could not proceed 
entirely from some unknown differcncp in the water; for, if it 
did, the difference between the different thermometers should 
have been always the same, which was not the case, though 
in general, on those days in which one thermometer stood high, 
the others did also, especially in the trials in steam. More¬ 
over, as far as can be perceived from our experiments, there 
seems to be very little difference between different waters with 
respect to the heat which they acquire in boiling. We could 
not be sure ^at there was any difference between rain and dis¬ 
tilled water and pump water, provided the latter had boiled 
long: neither did any difference seem to arise from the water 
containing such substances as are disposed to part readily with 
their phlogiston ; for, on trying the thermometers in the steam 
of distilled water, their height was not sensibly altered by pour¬ 
ing in a small quantity of a solution of liver of sulphur, or of 
iron filings imperfectly rusted. The thermometer, however, 
seemed to stand sensibly lower in pump water beginning to 
boil, than in the same water long boiled, but the difference 
scarcely exceeded -j^^th or the one ^th of a degree. 

We made some experiments to determine the beat of water 
boiling in open vessels. In general, when the vessel was 
almost full, and the water beiled fast, and the ball of the ther¬ 
mometer was held from three-quarters to two or three inches 
under water, and also in that part of the vessel where the cur¬ 
rent of water ascended upwards, that is, in the hottest part of 
the water, its heat was not much different from that of the steam 
of water boiling in closed vessels, varying only from a quarter 
of a degree more than that, to as much less; but if the water 
boiled gently, its heatwould frequently be half or three quarters 
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of adegree coftlerthau the steam. If the experiment wdi trii^ 
in the deep pot, with such a quantity of water iu it that the 
surface was at least 14 or 15 inches below the top of the pot, 
so that though the vessel was open, yet the water was not much 
exposed to the air, its heat'then seemed scarcely less than'when 
boiled in closed vessels. 

' In making these experiments we chiefly made use of the 
two short thermometers, in which, as the quantity of quick¬ 
silver contained in the tube was small, the error arising from 
that part of the quicksilver being not heated equally with that 
in the ball, could bo but small: for example, in the second 
of the short thermometers, the number of degrees contained 
in that part of the tube between the circular plate G ff and 
the ball, was 18". In the experiments in steam, this part of 
the tube was heated to the same degree as the ball. Suppose 
now, that in open vessels it was heated only to 122", or was 
90" cooler than the ball, it is plain, that the thermometer would 
18 X 90 

stand only - , or |th of a degree lower than it did in 

JLloUO 


steam, provided the heat of the quicksilver in the ball was the 
same in both cases. In the other short thermometer, as there 
were only half as many degrees to an inch, the error was only 
half as great. 

In several of the experiments, however, wemq|de use of the 
long thermometer; but then it was necessary to make an allow¬ 
ance on account of the quicksilver in the tube being not heated 
equally with that in the ball. The better to enable us to do this, 
we made nse of a thermometer tube, filled with quicksilver in 
the same manner as a thermometer, only without any ball to it, 
or a thermometer without a ball, as we may call it. A small 
brass plate was fixed to the tube near the top of tlie column of 

? uicksilver, to show the heat as in a common thermometer. 

n all our experimenl* with the long thermometer in open 
vessels, this tube without a ball, was placed by its side; whence, 
as the quicksilver in the tube of the long thermometer could 
hardly fail of being nearly of the same heat as that in the tube 
without a ball, we knew pretty nearly the heat of the quick¬ 
silver in the tube of the former, and consequently how much 
higher it would have stood, if the quicksilver in its tube' bad 
been of the same heat as that in the ball. For example, on 
October 19, the long thermometer Aried in an open vessel, the 
water boiling fqst, stood 1“.65 lower than it did when tried in 
steam the same day, the quicksilver in the tube without a ball 
standing at the same time at 109® t we may therefore oonclude* 
32. VOL. II. N 
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that i&e heat of the quicksilver, in that part of the tube of the 
long thermometer which was not immersed in the water, was 
also 109**; and consequently, as that part of the tube contained 


about 170**, the thermometer stood 


170 X 130 


, or 1**.52 lower 


11500 

than it would have done if the quicksilver in the tube had been 
of the same heat as that in the ball; and consequently the 
quicksilver in the ball of the thermometer was in reality .07 
cooler than when tried in steam. 

We examined the boiling points of several thermometers, 
made by different artists, by trying them in steam when the 
barometer was at 30.1, and finding what division on the scale 
the quicksilver stood at. The diflerence of the extremes was 
31°; but by a mean of all, it was found to stand at 213°.1, 
and consequently would have stood at 212®, if the barometer 
had been at 29.4; so that if the boiling point was to be adjusted, 
either in steam, when the barometer is at 2fl.4, or with the ball 
immersed two or three inches in water, when the barometer is 
at 29.1, it would agree best with the mean of the above- 
mentioned thermometers. But as it seems to be of no great 
signification to make the boiling point agree very nearly with 
the mean of the thermometers made at present, when the 
extremes difier so widely; and as we apprehend that it will 
be more convenient to the makers that some height shotfld be 
chosen which difiers less from the mean, as thereby they will 
more frequently have an opportunity of adjusting the boiling 
point without the trouble and danger of mistakes which attend 
the making a correction, we recommend, that the boiling 
point should be adjusted when the barometer is at 29.8, if the 
person chuses to do it in steam ; or when the barometer is at 
if he chuses to do it in close vessels, with the bail immersed 
to a small depth under the water. Our reason for pitching 
upon this precise height is, that therebj^ the boiling point will 
differ from Mr. De Luc’s boiling point, .by a simple traction of 
the degrees of his common scale, namely, three-quarters of a 
degree higher. 

We are informed by Mr. De Luc, that the method he used 
in adjusting the boiling point, though he forgot to mention it 
in the RJhherches sur les Modificatims de V Atmospheret was 
to wrap rags round the tube of the thermometer, and to \xt it 
with the ball immersed in water in an open vessel, of the mrm 
described in the above-mentioned booK, while builing water 
was poured at different times on the rags, in* order mat the 
quicKsilver in the tube might be heated,, if possible, to the same 
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degree as that in the bail. As welt as we can judge from the 
abovb-mentioned experiments in open vessels, and from the 
few trials we have made of this method, we are inclined to 
think, that the boiling point adjusted this way will in general 
differ but little from that adjusted in steam at the same height 
of the barometer, especially if the thermometer be not very 
long, and do not extend a great way below the freezing point 
consequently, as Mr. De Luc*s boiling point was adjusted when 
the barometer was at 27 Paris or 28.75 English inches, it will 
stand lower than that adjusted in the manner recommended by 
us, by three-quarters of a degree of bis scale; or 80|° on Oe 
Luc’s thermometer, will answer to 212** on Fahrenheit’s ad¬ 
justed in the manner proposed. 

Though the boiling point be placed so much higher ob 
some of the thermometers now made than on others, yet we 
would not have the reader think that this caif make any consi- 
derafHe error in the observations of the weather, at least in this 
climate; for an error of IP in the position ot‘ the boiling point, 
will make an error of only half a degree in the position of 
92*, and of not more than a quarter of a degree in the point 
of (>2*. It is only in nice experiments, or in trying the heat 
of hot liquors, that this error in the boiling point can be of 
much signiBcation. 

There is another circumstance that we have not yet taken 
notice of, which, in strictness, causes some error in thermome¬ 
ters, namely, the difference of expansion of the glass tube and 
the scale. But this error is in dmost all cases so small as not 
to be worth regarding; we have, however, in the note below 
given a rule for computing tlie value of it.f 


* In order to see how much the quicksilver in the tube of the thermometer 
would be heated in this metliod of adjusting the boiling point, w« took the above* 
mentioned tube without a ball, wrapped it round with rags, and poured boiling 
water on it as above described : the heat of the quicksilver tiierein was found 
to be about 2lo leM than that of boiling water; and, tlierefore, the boiling point 
of a thermometer, adjusted in this manner, supposing the thermometer to be 
dipped into the water as far as to the point of S2n, should stand about one-third 
of a degree lower than it would do if the quicksilver in tlie tube was heated 
equally with that in the ball. 

t The nsual way of adjusting thermometers, is, to mark the boiling and 
freeeing points on the glass tube, and not to set off those points on the scale till 
some time after, when the tube and scale may both be supposed to be nearly 
of tlie temper of the air in the room; consequently, when the thermometer is 
exposed to a greater heat than that, the scale, if of' brass, will expand more 
than the tidass tube, and the divisions on it will be Ipnger than they ought to be ; 
blit, if the scale be of wood, it will expand less than the glass tube, and tha 
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lo making experiments witii tberinonieters, it evidently 
is eqoally necessary that the quicksilver in the tube should be 
the same heat as that in the ball, as it is in adjusting the 
boiling point: for this reason, in trying,the heat of liquors 
much notter or colder than the air, the thermometer ought, if 
poMible, to be immersed as far as to the top of the column 
of quicksilver in the tube. As this, however, would often be 
▼ery difficult to execute, the observer will irequeutly be obliged 
to content himself with immersing it to a much less depth* 
But then as the quicksilver, in a great part of the tube, will 
be of a different heat from that in the ball, it will be necessary 
where any degree of accuracy is required, to make a correc* 
tion, on that account, to the heat shown by the thennoroeter. 
If the beat of the quicksilver in the tube be known, the correc¬ 
tion may readily be made by the help of the annexed table ; the 
only difficulty liel in estimating what that heat nuty be. In all 
probability the heat of the quick&ilver in the tube will nbt be 
very different from that of the air which surrounds it ;* but as 


dimiont will be too thort. Let now the heat of the air, when the divisions 
were act off on the scale, be called A ; let the degree of heat which tiit* titer- 
ttometer stands at in the experiment be called 1>; and let tiie degree anttwci ing 
to that point of the scale in which the tburnioineter is fastened to the scale be 
called F. Then, if all paits of the thermometer and scale are heated equally, 
and the scMe is of brass, the thermometer will appear to stand lower than it 
D_F X D—A 

ought to do by the-part of a degree, observing U>at if D—F X 

lOfiOOO 


D—A is negative, it will stand lusher than it ought to do; but if 4he scale ia of 

® jj_p _4 

wood, it will stand higher than it ought to do by the ” '' 2i6<>ob ~ * 


degree. If the thermometer be fastened to the scale by the ball, or any part of 
the tube lower than the observed heat, the error will be the same, -whether 
that part of the tube and scale, which is above the observed degree, be of the 
same heat as tbo ball or not: hot if the thermometer is fastened to the scald 
by the top of the tube, as is frequently done, then the error' null vanish when¬ 
ever that part of the tube and scale, which is above Uie obssriW degree, is not 
■such heated. This rulejs founded on Mr. hmeaton’s cxpariihents, who found 
that white glass expands of an inch in a foot by IbO® of beat; that brast 

wil^B expands wood expands scarce sensibly. 

•This must evidently be the case, unless the quicksilver ill the tube is 
considerably heated by its contact <wiih that in tlie ball. To sec whether this 
was the case, some sand was heated in a small copper dish over a lamp to the 
heat of about 2l2e, and the above mentioned tube, without a hall, laid liori- 
sontally with the end extending about half an inch over the sand ; but, to prevent 
its being heated thereby, a piece of wood, about a quarter of an inch {hick, 
waa laid ketweep Uie sand and it. After it bad remained a sufficient time in 
this sitnatleu, tlm division which the quicksilver stood at was observed, Tbe 
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that air will be affected by the steam of the liquor, aod the fire 
by which it is heated, it will commonly be of a very different 
beat from the rest of the air of the room in which the expe« 
riment is made; bat as no g^reat nicety is required in estimating 
the beat of the quicksilver in the tube, insomuch that a mistake 
of 25** therein will cause an error of only half a degree in the 
porrection, when the number of degrees in that part of the 
tube which is not immersed in the liquor is not more than 
220**, it will commonly be not difficult to guess at the heat of 
the quicksilver in the tube as near as is required.* But if the 


piece of wood waa then removed, and the end of the tube laid in the sand, which 
was heaped over it so that above half an inch of the column of quicksilver was 
entirely surrounded by the hot sand, and must therefore be heated to nearly the 
same degree as it. Ihe quicksilver in the tube rose very little higher than be* 
fore, and seemingly not more than might be owing to tbe expansion of the half 
iurb of quicksilver which was surrounded by the sand ; so that it should seem, 
that beating one end of the column of quicksilver does not communicate much 
beat to the rest of the column ; and consequently, that, when the ball of a ther¬ 
mometer is immersed in hot liquor, the quicksilver in the tube will not be much 
hotter than the surrounding air. 

• The better to enable the reader to guess at tbe heat of the quicksilver in 
the tube, in cases of this kind we tried how much the quicksilver in the above- 
mentioned tube, without a ball, would be heated when held over a vessel of 
boiling water. It is true, that these experiments cannot be of any great service 
towards this purpose, as the tubes will be very differently heated, according to 
the degree of heat of the fluid, and the quanti^ of steam which it furnishes^ 
and according to the nature of the |^re by which it is heated; yet as the ex¬ 
periments may perhaps serve in some measure to rectify our ideas on this head, 
we will give the result. When the above-mentioned Uibe without a ball,! tbe 
length of the column of quicksilver in which was 15 inches, was held perpen¬ 
dicularly over the vessel of boiling water, with its bottom even with the surface 
of the water, the beat of the quicksilver was in all the trials we made from 68 
to 280 hotter than the air of the room. If the tube was held inclined to the 
horixon, in an angle of about SQo, witli the bottom of the column of quick¬ 
silver reaching not more than three-quarters of an inch within the circumference 
of tlie pot, so that the column of quicksilver was as little heated by the steam as 
could easily be done, it was from SO to r® hoi ter than the air. When a shorter 
tube of the same kind, in which tluj column of quicksilver was seven inches, 
was used, the quicksilver was from 62 to 44° hotter than tlie gir, when held 
perpendieularly, and from 49 to 36° hotter when held inclined. Tlie water in 
these trials frequently boiled pretty fast, but never very violently, k was in 
general heated over a portable black-lead furnace placed In the middle of the 
room; but it was once heated over an ordinary chafing-dish, when the quick¬ 
silver in the long tube, held perpendicularly, was found to be 64° hotter than 
the air. When the expei inicnts were tried without doors, the heat of the quick¬ 
silver in the tube would vary very much, according as the wiild blew the 
and lioCair from or towards the tube, but it sometimes rose as high as it did 
within doors. ..in 

TfJe most convenient method we know of making these tubes without a ban 
is, to fill a thermometer in the usual manner, and heat the ball till there is a 

t flee pa|e 89, line 27. 
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observer is desirous of more accuracy, he may find the heat 
of the surrounding air by holding the bail of a small thermouie'* 
ter near the tube of the thermometer with which he tries the 
heat of the liquor; or, what will be much better, he may have 
a tube without a bail, such as is above described, fastened to 
the frame of the thermometer, on one side of the tube; or if 
be has two such tubes, of different lengths, it will be still more 
accurate. * 

To avoid the inconvenience of this .correction, perhaps it 
may be thought, that botli in adjusting the boiling point and 
ill trying the heat of liquors, it would be better, that hot much 
more tlian the ball of the thermometer should be immersed, 
and that the tube should be held inclined in such manner as to 
be heated as little as possible ; as it may be said, that by this 
means you will find the heat of liquors pretty nearly, without 
the trouble of making any correction; and that, though in 
strictness a correction would be required in observing the heat 
of the air with such thermometers, yet the heat of the atmo¬ 
sphere never diflers so much from the mean heat, us to make 
that correction of much consequence.' But, on the other 


I>ro|>er quantity of quicksilver in tlie tube, and then to make pie ruliimn of 
(|iiick&ilver separate at tiie neck of the ball, and run to the extieniity ot ili*.- 
tube, so as to leave a vacuum between thS ball and the cotiiniii of qiiirksilvei', 
as is expressed in fig. 8, plate LXXXI, where the shaded part AD. irprcscnis 
the column of quicksilver, and BA that part in which there is a vacuum. '1 he 
tube must tbeii be sealed somewhere between B and A, as at E, and cut off 
there; after whicb it nuat be held with tlie end D upwards, so a.s to make 
tbe column of quicksilver run to the extremity E: by this inctho<l of filliup it is 
plain, that no sensible quantity of air can lie left between £ and the colnniii 
of quicksilver; but yet tbe quicksilver will be apt not to run snfRciently close 
to the extremity E, as the weight of the column will be scarcely sufficient to 
force it into the narrow space which will commonly be left in sealing the tube, 
espedaily when held nearly horizontal: for this reason it will be proper to 
open the tube at D, so as to let in the air, and then seal It again. It must be 
observed, that tbe space left between D and the column of quicksilver, ought 
not to be less than tlie tenth part of tbe length of the column of quicksilver, as 
otherwise the included air might be too much compressed by the expansion of 
the quicksilver when mnch heated. 

* 'llie degrees on all thennometers are intended to answer to equal por¬ 
tions of the solid contents of the tube; and, consequently, if the quicksilver in 
the tube is kept constantly of the same heat as tliat in the ball, the degrees will 
answer to equal increments of bulk of the whole quantity of quicksilver in. the 
tliermometer, tliat is of a given weight of quicksilver. But if only the quick¬ 
silver in the IwU is heated, and tliat in the tnbe Is kept always of the ssmeJiest, 
tlif Agrees wiU*answer to equsl increments of a given bulk of quicksilver; so 
that th#scale oC the thermometers will be really different in these two methods 
of proceedlng,.and In high degrees tho diffierenoe wHt very considerable: for 
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hand, this method of making and nsing thermometers is mnch 
less exact than the former, and therefore is unfit for nice experi¬ 
ments ; and, besides, a correction would be as necessary with 
this kind of thermometer in trying the heat of air, artificially 
heated, or in finding the heat of large quantities of hot liquors, 
in which it would be difficult to prevent the quicksilver in the 
tube from being heated by the steam, as it is in finding the beat 
of liquors with the other thermometer, whenever the ball is not 
immersed to a sufficient depth; so that, on the whole, the 
former method of making and using thermometers seems much 
the best. 

A much better way of avoiding the trouble of making a 
correction, would be to have two sets of divisions made to such 
thermometers as are intended for trying the beat of liquors ; one 
of which should be used when tlie tube is immersed almost to 
the top of the column of quicksilver; and the other, when 
not much more than the ball is immersed, in which last case 
the observer should be careful that the tube should be as little 
heated by the steam of the liquor as conveniently.can be. It 
is difficult to give rules for constructing this second set of divi¬ 
sions, as the beat of the quicksilver in the tube will be very 
different according to the temperature of the air in the room, 
quantity, and nature of the fluid whose heat is to be tried, the 
manner in which it is heated, and the other circumstances of 
the experiment: but, on the whole, we think that given in the 
following table would be as proper as any ; 


example, let two thermometers be made, and in the first ef them let care be 
taken, both In adjusting the fixed points and in trying the heat of liquors, that 
the quicksilver in the tube shall be of the same beat as that in the ball; and in 
adpisting the fix^d points of the second, and in trying the beat of liquors with 
it, let care be taken that the quicksilver in the tube shall remain alwaj's of the 
same invariable beat, and let the freezing and boiling points be marked and 
212 on both of them: then will the degree of 620 on the first, answer to that of 
600 on the second; that of 406 to 400; that of 802 to 300; and that of 119.7 
to 120 ; that is, a liquor which appears to be of 020 of heat by file first, will 
appear to be of 600 by the second, &c. It apmars from hence, that it wonid 
be improper to employ the latter method of aajnsting and using thermometers 
for ordinary purposes, and the former for nice experiments. 
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Tlie rigiit-baitd perf>eiidicular column shows the heat which the 
(juicksilveriu the tube was supposed to be ofiaforniing this table. 

Though this second set of divisions be far from accurate, 
yet it is at least as much so as a thermometer adjusted in the 
latter method cun be; so that this double set of divisions 
possesses all the advantages \\hich can be expected from that 
method of adjusting thermometers, without the iuconveniences. 

A TAKLK FOR (M)RR I-( Tl NO THE OBSERVED HEIGHT OF A 
THERM<>M1:T1;!{, \\ m.NFA 1;R the yl ICkSILM-R IN THE 
TL UE IS NO I' OF Till: SAME HEAT AS THAT IN THE BALL. 



To make use of tliis table, in the left-hand perpendicular 
column look for the number of degrees contained in that part 
of the tube ^^hich is not immersed in the fluid whose heat is to 
be tried, and in the upper horizontal line seek tlie supposed 
diflereuce of heat of the quicksilver in that part of the tube from 
that in the ball, the corresponding number in the table is the 
correction, which must be added to the observed heat vhen the 
quicksilver in the tube is cooler than that in the ball, and sub¬ 
tracted when it is warmer ; for example, let the observed heat 
of the fluid be -J/.V, let the thermometer be immersed in the 
fluid as far as to the degree of or to that part of the tube 
which should be marked 25" if the dixisions were continued 
long enough ; then is the number of degrees in that part of the 
tube which is not immersed in the fluid 450; and let the heat 
of the quicksilver in that part of the tube be supposed 100": 
and consequently, the difl’erence of heat of the quicksilver in 
that part of the tube from that in the ball, J175; then in the left- 
hand perpendicular cobimn seek the number 450, and in the 
32. \ OL. II. O 
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uppei horizontal line the number 375; the corresponding nuin- 
ber in the table, or the correction, is 15®, and therefore the true 
heat of the fluid is 490®. 

This correction may be had very easily without the help of 
the table, only by multiplying the number of degrees not im¬ 
mersed in the Iluid by the supposed difference of heat, dividing 
the product by 10000, and diminishing the quotient by one- 
eighth part of the whole. 

In the following pages we have thrown together the prac¬ 
tical rules vhich we would recommend to be observed in 
adjusting fixed points of thermometers. 


RULES TO BE OB.SERVED IN ADJ I STING THE BOI LI NO POINT. 

The most accurate way of adjusting the boiling point is, 
not to dip the thermometer into the water, but to expose it only 
to the steam, in a vessel closed up in the manner represented in 
fig. 4, plate LXXXI, where AB ha is the vessel containing 
the boiling water, I) d the (‘o\or, K a chimney made in the 
rover intended to carry off the steam, and M m the thermometer 
passed through a hole in the cover. Those ^\ho would make 
use of this ntelhod must lake care to attend to the following 
particulars. 

1st. The fidlowing point must be adjusted when the barome¬ 
ter is at 29.8 inches ; unless the operator is willing to correct 
the observed point in the manner directed below. 

2dly. The ball of the thermometer must be placed at such 
a depth within the pot, that the boiling point shall rise very 
little above the cover; for otherwise part of the quicksilver in 
the tube will not be heated, and therefore the thermometer will 
not rise to its proper height. The surface of the water in the 
pot also should be at least one or two inches below the bottom of 
the ball; as otherwise the W'ater, when boiling fast, might be 
apt to touch the ball; but it does not signify how much lower 
than that, the surface of the water may be. 

8dly. Care must be taken to stop up the hole in the cover 
through which the tube is inserted, and to make the cover fit 
pretty close, so that no air shall enter into the pot that way, and 
that not much steam may escape. A piece of thin flat tin plate 
must also be laid on the mouth of the chimney, so as to leave 
no more passage than what is sufficient to carry off the steam. 
The size of this plate should be not much more than sufficient 
to cover the chimney, that its weight may not be too great; 
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and the mouth of the chimney should be made flat, that the 
plate may cover it more completely. It must be observed, that 
when the tin plate is laid on the mouth of the chimney, it will 
commonly be lifted up by the force of tlie steam, and will 
rattle till it has slipped aside sufficiently to let the steam escape 
without lifting- it up. In this case it is not necessary to put the 
plate back again, unless by accident it has slipped aside more 
than usual. If the artist pleases, he may tie each corner of 
this plate by a string to prongs lixed to the chimney, and stand¬ 
ing- on a level with the plate, as thereby it will necessarily be 
kept always in its place ;* but w e would by no means recom¬ 
mend having it made w ith a hinge, as that might be apt to 
make it stick, in which case the included vapour might be so 
much compressed as to cause an error. We would also by 
no means advise lining the tin plate with leather, or any other 
soft substance, for the sake of making it shut closer, as that 
also might be apt to make it stick. The chimney also ought 
not to be made less than half a square inch in area; for though 
a smaller chimney would be sufficient to carry off the steam, 
unless the vessel is much larger than what we used, jet the 
adhesion which is apt to take place between it and the tin plate 
when wet, might perhaps bear too great a proportion to the 
pow'er which the included steam has to lift it off, if it was made 
much less. It is convenient that the chimney be not less than 
two or three inche.N long, as thereby the observer will be less 
incommoded by the steam ; but it would be improper to make 
it much longer, for the longer the chimney is, the greater 
disposition has the air to enter into the pot between it and the 
cover. 

It is most convenient not to make the co\er fit on tight, hut 
to take on and off casilx ; and to w rap some spun cotton round 
that part of the co\cr which enters into the pot, in order to 
make it shut closer; or, what seems to answer rather better, a 
ring of woollen cloth may be placed under the cover, so as to 
lie between the top of the pot and it. These methods of making 
the cover shut close can be used more conveniently when the 
cover is made to enter within the pot, as in the figure, than 
when it goes on the outside. 


• Fig. 3, plate LXXXI, is a perspective view of the chimney anti tin plate ; 
ABCD is the plate ; E the chin'.iiev ; F/, C g, M m, and N n, the pu niis fast- 
ened to the rhiiniiev, to which the tbur corners of i he plate are In he lied by the 
strioKs AF, hG, CM, and DN ; the ends F, G,M,aiidN, of the prongs must 
be on a level with the plate, and the strings should not be »tietched tight. 
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There are various easy ways by which the hole in the cover, 
through which the tube of the thermometer is passed, may he 
stopped up, and by which the thermumeler may be sus¬ 
pended at Ibe jyroper height. The hole in the cover may be 
slopped up b\ a coik, which must first ha\e a hole bored 
through it, bit; enough to recei^e the tube, and be then cut 
into two, parjilel to the length of the bole. Amdber niethotl, 
more con\enient in use, but not so easily made, is n*presen1ed 
in iig. 6’, j)lute IjXXXI, which exliibits a persjiective view’ of 
the apparatus ; A a is the cover; li the bole through which 
the thermometer is passed ; B ft a flat piece »d’ brass fixed upon 
the cover; and Dr/ i'^c a sliding piece of brass, made so as 
either to cover the hole 11, or to leave it nnco\ered as in the 
figure, and to l)C tightened in either position by the screw 
5 sliding in llie slit M ?«,■ a semi-eircniar noteh being- 
made in the edge B 6, and also in the edge D r/, to 
inclose the tube of the thermometer ; pieces of woollen elotli 
should also be fastened to the t-dges B/> and Dr/, and aNo 
to the bottom of the sliding piece D r/ E e, nnhess that 
piece and the cover are made siifiieiently flat to prevent 
the escape of the steam. In order to keep tin' tliermomcfer 
snspendecl at the proper height, a clip may b(», n>ef! like that 
represented in fig. 7, which by the screw s must he made to 
embrace the tube tightly, and may rest on the cover. 'I'hat 
part of the clip which is intend<*(l t») bear against tin* ttihe, had 
best be lined with w’oollen cloth, which will make it slick 
tighter to the tube, and with less danger of breaking if. An¬ 
other method, w hich is rather more convenient, when the top of 
the tube of the thermometer is bent into a right angle, in the 
manner frequently practised at present for the sake of more 
conveniently fixing it to the scale, is represented in the same 
figure; F/ is a plate of brass, standing perpendicularly 
on the cover, and, L / n a piece of brass, bent at bottinn 
into the form of a loop, with a notch in it, so as to receive the 
tube of the thermometer, and to suffer the bent part to rest on 
the bottom of the loop; this piece must slide in a slit K k, cut 
in the plate L / N n, and be tightened at any height by the 
screw T. 

. 4tbly. It is best making the water boil pretty briskly, as 
otherwise the thermometer is apt to bo a great while before it 
acquires its full heat, especially if the vessel is very deep. 
The observer too should wait at least one or two minutes after 
the thermometer appears to be stationary, before he conclude.s 
that it has acquired its full height. 
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5tbly. Thongb, OiS we said before, this appears to be the 
most accurate way of adjusting Ibe boiling point; yet, if the 
operator was to siiHer the air to have any access to the inside of 
the vessel, he would be liable to a very great error; for this 
reason we strongly recommend it to all those who use this 
method, not to deviate at all from the rules laid down, without 
assuring themselves by repeated trials with a pretty sensible 
thermometer, that such alteration may be used with safety. 
But the covering the chimney with the tin plate ought by no 
means to be omitted ; for though, if the cover of the pot fits 
close, it seldom signifies whether the plate is laid on or not, 
yet, if by accident the cover was not to fit close, the omitting 
the tin plate w'ouid make a very great error. Making the 
chimney very narrow Mould not answer the end properly; 
for, if it was made so small as to make the vessel sufficiently 
close when the water boiled gently, it would not leave sufficient 
passage for the escape of the steam when the water boiled fast. 

Aiiother way of adjusting the boiling point is, to try it in 
a vessel of the same kind as the former, only with the water 
rising a little wav, namely, from one to three or four inches 
above the ball, taking care that the boiling point shall rise very 
little above the cover, as in the former method. In this method 
th-^re is no need to cover the chimney with the tin plate; 
and there is less need to make the cover fit close, only it must 
be observed, that the closer the cover fits, the less the operator 
will be incommoded by the steam. The height of the barometer 
atM'hich the boiling point should be adjusted, when this method 
is used, is 29i inches, or three-tenths of an inch less than when 
the former method is used. 

It will be convenient to have two or three pots of different 
depths ; for if a short thermometer is to be adjusted in the same 
pot which is used for a long one, it will require a great depth 
of water, w'hich, besides taking up more time before it boils, 
makes the observation rather less accurate, as the heat seems to 
be less regular when the depth of water in the pot is very great, 
than when it is less. 

Perhaps some persons, for the sake of heating the water 
more expeditiously, may be inclined to use an apparatus of 
such kind that the fire shall be applied to a considerable part 
of the sides of the pot as m’cII as to the bottom; we would, 
however, caution them against any thing of that kind, as the 
observations are considerably less regular than when little more 
than the bottom of the pot is heated. If the pot is heated over 
a chafing-dish or common fire, we apprehend that there can 
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seldom be any danger of too much of the sides being heated; but 
if the operator should be apprehensive that there is, it is easily 
prevented by fastening an iron ring an inch or two broad round 
the pot near the bottom. This prc'cautiun is equally necessary 
when the thermometer is adjusted in steam, especially when 
there is not much water in the pot. 

The greatest inconvenience of this method of adjusting the 
boiling point is the trouble of keeping a proper depth of water 
in the pot, as to do this it is necessary first to find the height 
of the boiling point coarsely by trying it in an open vessel, 
and then to put such a quantity of water into the pot that it 
shall rise from one to three or four inches above the ball, when 
the thermometer is placed at such a depth within the pid that 
the boiling point shall rise very little above the cover. The 
operator must be very careful that the (piantity of water in the 
pot be not so small as not entirely to cover the hall. 

A third way of adjusting the boiling point is, to wrap 
several folds of linen rags or flannel round the tube of the ther¬ 
mometer, and to try it in an op<*n vessel, taking care to pour 
boiling water on the rags, in order to keep the quicksilver in 
the tube as nearly of the heat of boiling water as possible. The 
best way is to pour boiling water on the rags three or four tiine.s, 
waiting a few seconds between each time, and to wait some 
seconds after the last time of pouring on water before the boil¬ 
ing point is marked, in order that the water may recover its 
full strength of boiling, which is in good measure checked by 
pouring on the boiling water. 

In this method the boiling point should be adjusted when 
the barometer is at 29.8 inches, that is, the same as when the 
first method is used ; the water should boil fast, and the ther¬ 
mometer should be held upright, with its ball two or three 
inches under water, and in that part of the vessel where the 
current of water ascends.* 

Whichever of these methods of adjusting the boiling point 
is used, it is not necessary to wait till the barometer is at the 
^proper height, provided the operator will take care to correct 
the observed height according to the following table: 


• In a veKsel of boiling water, one may almost always pel reive the current 
of water to ascend on one aide of the vessel, and to desrend on the other. 
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To make use of this table, seek the height which the baro¬ 
meter is found to stand at in the left-hand column, if the boil¬ 
ing point is adjusted either in the first or third method, and 
in the second column if it is adjusted in the second method ; 
the (01 responding number in the third column shows how much 
the point of must be placed above or below the observed 
point, expressed in tliousaudth parts of theinter\al between the 
bidling and freezing point: for example, suppose the boiling 
point is adjusted in steam when the barometer is at 29 inches, 
and that the interval between the boiling and freezing points 
is 11 inches ; the nearest number to 29 in the left-hand column 
is 29.03, and the corresponding number in the table is 7 higher, 
and therefore the mark of 212’must be placed higher than the 
observed point by T(m 7 (T of interval between boiling and 

freezing, that is, by-, or .077 of an inch. 

^<^00 

This method of correcting the boiling point is not strictly 
just, unless the tube is of an equal bore in all its parts; but the 
tube is very seldom so much unequal as to cause any sensible 
error, where the whole correction is so small. The trouble of 
making the correction will be abridged by making a diagonal 
scale, such as is represented in fig. 5. 

It is not very material what kind of water is used for adjust¬ 
ing the boiling point, so that it is not at all salt; only, if any kind 
of hard water is used, it is better that it should be kept boiling 
for at least ten minutes before it is used. JBut we would advise 
all those desirous of adjusting thermometers in the most accu¬ 
rate manner for nice experiments, to employ rain or distilled 
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water, and to perform the operation in the rirsUmentioned man> 
■er, Uiat is, in steam. 


ON THE FREEZING POINT. 


In adjasting the freezing as well as the boiling point, the 

a aicksiiver in the tube ought to be kept of the same heat as 
lat in the ball. In the generality of thermometers, indited, 
the distance of the freezing point from thc^ ball is so small, that 
the greatest error which can arise from neglecting this pre¬ 
caution is not very considerable, unU'SS the weather is wanner 
than usual: but as the freezing point is frecpiently placed at a 
considerable distance from the ball, the operator should always 
be careful either to pile the pounded ice to such a height above 
tiie ball, that the error, which can ari^e from the (jnick>ilvcr in 
the remaining part of the tube not being e(|iially liealed witli 
that in the ball, shall be very small ; or lie must correct the 
observed point, upon that account, according to the following 
table: 


Heat of the air. 

42* 

52 

62 


Correction. Heat of tlr; air. 

.00087 72' 

.00r4 82 

.00261 


( nvettio'i 

. 004:35 


The first column of this table is the heat of the air, and the 
second is the correction expressed in 1000th parts of the dis¬ 
tance between the freezing point and the surface of the ice ; for 
example, if the freezing point stands seven inches above the 
surface of the ice, and the heat of the room is 62, the point of 
32"’ shouM be placed 7 x .00261, or .018 of an inch lower than 
the observed point. This correebon also would be made more 
easy by the iielp of a diagonal scale, similar to that proposed 
Tor the boiling point. 


ON THE PRECAUTIONS NECESSARY TO BE OBSERVED IN 
MAKING OBSERVATIONS WITH THERMOMETERS. 

In trying the heat of liquors, care should be taken that the 
Quicksilver in the tube of the ihermometer be heated to the same 
degree cannot be done conve¬ 

niently, the observed heat should be corrected on that account; 
but for Ibis wc refer to the former part, p. 91, 92. 
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Methods of grinding and polishing Glasses and 
Mirrors Jor Telescopes^ Microscopes^ and other 
Optical purposes* 

Among those who are fond of mechanical pursuits, and 
who have large portions of leisure at their comtnand, or the 
perseverance to render many small portions of leisure consider¬ 
able by the accumulated eflecls of their at live use, there are 
many who cannot prudently gratify theinsehes in their 
favourite pursuits at a great expense. \Vhen persons thus 
situated, have a predilection for optical and astronomical recrea¬ 
tions, they immediately perceive that the eOective parts of in¬ 
struments of the most valuable and costly description consist of 
materials of very little \alue: a few bits of glass, in their 
original state, not worth accepting as a gift; a little metal, 
not intrinsically worth more tlian a table-bell, are rendered 
by the labour bestowed upon them, of the highest e.stimalion. 
They arc anxious to know in what manner their labour must be 
directed to be equally successful, and they feel that even their 
zeal for science would be increased, if the\ could examine the 
phenomena of Creation with the mechanical productions of 
their own hands. To these it may be gratifung to learn, that 
the apij^aratus which will suflice for the purpose of grinding and 
polishing lenses and specula, is not more simple and economical 
in its purchase, than the objects which its productions will 
enable them to contemplate are grand and interesting. Several 
essays of real value have been written on the subject, but it has 
happened that these essays have had a very limited circulation, 
and some of them seem to have been entirely conlined to the pub¬ 
lications in which they first appeared ; not certainly for want of 
great intrinsic merit, but perhaps because tbecompilers of books 
are not often practical men, and the subject is such that those 
who felt no interest in it would scarcely venture to appreciate 
an essay written for its elucidation. These original papers, we 
shall give at length ; by this means we shall embrace a variety of 
details, which will give the reader better hold of the subject, and 
render him more easily conversant with manipulations, the suc- 


* A gtass which will either enlarge or Uimini.^.h the visible appearance of aa 
object, is by opticians called a lens ; and a mirror, designed for any optical use, 
is called a speculum. 

32. VOL. II. P 
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cess of which depends much upon minuteness of attention. In 
conclusion, we shall make a variety of remarks, drawn from 
actual experience, as well as information derived from sources 
not wholly conHned to this subject, but containing applicable 
hints. 


ESSAY I. 

The Method of Grinding and Polishing Glasses for 

Telescopes. 


The ground-work of this essay was supplied by the posthum¬ 
ous papers of a friend of its (irst Editor, who by the following 
advertisement explained the cause and the authority of the ad¬ 
ditions he made to it: 

1. This ingenious and honourable Author, (Molyneux,) out 
of his great regard for the improvement of astronomy, by per¬ 
fecting the methods of making telescopes both by refraction and 
reflection, did not only collect and consider what had been 
written and practised by others, but also made several new ex¬ 
periments of his own contriving, after he had procured a most 
complete apparatus of ail sorts of instruments lor that purpose. 
But in the midst of these thoui;hts, being appointed a Lord 
Commissioner of the Admiralty, he became so engaged in public 
affairs, that he told me he hud not leisure to pursue these in¬ 
quires any farther. Then it was that he gave me the following 
papers, and was pleased to invite me to make use of his house 
and apparatus of instruments, in order to finish what he had left 
imperfect. But he died soon after, and so I lost that oppor¬ 
tunity, and a most worthy friend. Having therefore seen 
nothing of the practice of grinding glasses, 1 durst not venture 
to add any thing of my own relating to it; but have supplied 
from Mr. Huygens what was left unfinished by our honourable 
Author. And as Mr. Huygens’s treatise is esteemed the best 
of any yet extant, I have taken care that nothing material 
therein contained should pass unobserved. If 1 have mistaken 
his meaning anywhere, it is the more excusaVde, considering the 
difficulty of the subject, and that it was a posthumous treatise, 
written originally in Dutch, and translated into Latin by another 
hand. To distinguish Mr. Molyneux’s papers from what I 
have translated from Mr. Huygens, the initials of their names 
are placed et the beginning of every piece. 
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OF MAKING AND POLISHING THE TOOLS. 

2. It is easier to make an object-glass of equal convexities 
than of any other figure ; because the same tools will serve for 
forming both its surfaces. And a glass of this figure will make 
as perfect an image in its focus as aoy other, because the 
aberrations of the rays caused by the sphericaliiess of the figures 
of the surfaces, whatever be the proportion of their semi- 
diatneters, are inconsiderable in long telescopes, in comparison 
to the aberrations caused by the ditferent refrangihility of the 
rays ; and these latter aberrations are the same whether the 
semi-diameters of the surfaces be equal or unequal, supposing 
the aperture and focal distance to be the same. If it be pro¬ 
posed then to make a glass of equal convexities, that shall have 
a given focal distance, tlie radius of the spherical surface will 
be Ibuud by taking it in proportion to the given focal distance 
as 12 to 11, putting the sine of incidence to the sine of refrac¬ 
tion out of the air into glass as 17 to 11, as Sir Isaac Newton 
has accurately determined it. The focal distance o4 the glass 
being given, its aperture may be fouinl by tables usuallv inserted 
in optical treatises ; and because its figure cannot be formed 
exactly true to the very edges, the breadth of the glass may 
be takiMi about half an inch more than the diameter of its 
aperture, or even three-quarters or a whole inch more, if its 
focal distance be between r>0 and 200 feet. 

y. Mr. llnygeus directs in general to make the breadth of 
the concave tool, (or plate, dish, or form,) in which an object- 
glass must he ground, almost three times the breadth of the 
glass. Though in another place, he speaks of grinding a glass 
whose focal distance was 200 feet, and breadth inches, in a 
plate only 15 inches broad. But for eye-glasses, and others 
of lesser spheres, the tool must be broader in proportion to the 
breadth of these glasses, to afford room enough for the motion 
of the hand in polishing. Mr. Huygens made his tools of 
copper or cast brass ; which, for fear they should change their 
figures by bending, can hardly be cast too thick ; nevertheless 
he found by experience that a tool 14 inches broad, and half an 
inch thick, was strong enough for forming glasses to a sphere 
of 36 feet diameter; when the tool was strongly cemented upon 
a cylindrical stone an inch thick, with hard cement made of 
pitch and ashes. 
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4. Id order to make moulds for casting such tools as are 
pretty much concave, he directs that wooden patteins should 
be turned in a lathe, a little thicker and broader than the tools 
themselves. But for tools that belong to spheres above twenty 
or thirty feet diameter, he says, it is suflicient to make use of 
flat boards turned circular to the breadth and thickness required. 
When the plates are cast, they must be turned in a lathe, 
exactly to the concavity required. And for this purpose it is 
requisite to make a couple of brass gauges iu the manner 
following. 

5. M —Take a wooden pole, a little longer than the radius of 
the spherical surface of the glass to be formed, and through the 
ends of it strike tw o small steel points, at a distance from each 
other equal to the radius of the sphere intended ; and by one of tbe 
points hang up the pole against a wall, so that this upper point 
may have a circular motion in a hole or socket made of brass 
or iron fixed firmly to the wall. Then take two equal plates 
of brass or copper, well hammered and smoothed, whose length 
is somewhat more than the breadth of the tool of cast brass; 
and whose thickness may be about a tenth or a twelfth of an 
inch, and whose breadth may be tw^o or three inches. Then' 
having fastened these plates flat against the wall in a horizontal 
position, with the moveable point in the pole strike a true arch 
upon each of them. Then file away the brass on one side 
exactly to tbe arch struck, so as to make one of the brass edges 
convex and the other concave ; and to make the arches corre¬ 
spond more exactly, fix one of the plates flat upon a table, and 
grind the other against it w'ith emery. These are the gauges to 
be made use of turning the brass tools exactly to the sphere 
required. 

6. H .—But if the radius of tbe sphere be very great, the gauges 
roust be made in this manner: Imagine the line A£, plate 
LXXXII, fig.l, drawn upon the brass plate, to be the tangent of 
the required arch AFB, whose radius for example is 36 feet and 
diameter 72 feet. From A set oft’ the parts A E, EE, &c. severally 
equal to an inch, and let them be continued a little beyond half 
the breadth of tbe tool required. Then as 72 feet or 864 inches 
is to 1 inch, so let 1 inch be to a fourth number; this will be tbe 
number of decimal parts of an inch in the first line EF, reckon- 
ing from A. Multiply this fourth number successively by the 
numbers 4, 9, 16, 25, &c. the squares of 2, 3, 4, 6, &c.; 
and the several products w'ill be the number of parts contained 
in tbe 2Dd, 3d, 4th, 5th £F respectively. But because these 
numbers of parts are too small to be taken from a scale by a 
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pair of compasses, subtract them severally from one inch, 
represented by the lines EG, and the remainders being taken 
from a scale of an inch divided into decimal parts and trans¬ 
ferred by the compasses from G to F, will determine the points 
F, F, &o. of the arch required. And the same being done on 
the other side of the line AD, the brass plate must be Hied away 
exactly to the points of this arch, and polished as before. 

7. To apply the brass tool to a turning lathe in order to 
turn the concave surface of it exactly spherical, let fig. 2 
represent a view of some part of the lathe, taken from a 
point directly over it; and here let ab represent a strong flat 
disk of brass, half an inch thick at least, having a strong iron 
screw-pin fixed firmly in the centre of it, and standing out 
exactly perpendicular to one side of it; by which it may be 
screwed into the end c of the mandrel or axis of the lathe, 
represented by cff. This disk is represented separately in fig. 
3, and must be well soldered to the back side of the tool e 
which, therefore, in tlie middle of it must be made plane, and 
exactly parallel to the circumference of its opposite surface; 
to the intent that the circumference may he carried round the 
axis of the lathe in a plane perpendicular to it. The mandrel 
or axis c fi turns upon a pointed in the puppet-head of the lathe, 
and in a collar at s /, as usual. 

liCt gh ik represent a board nailed fast upon the other 
puppet-head ; and let the concave guage gh be laid upon this 
board, with its concave arch parallel to the concavity of the 
tool e f, and be screwed down to the board with flat-headed 
screws sunk into the brass. Let Imno represent such another 
board lying upon the former, with the convex guage Im screw¬ 
ed to the under side of it, so that by moving this upper board, 
the arch of the convex guage may be brought to touch the con¬ 
cave one and slide against it. The turning tool ^ is laid upon 
this moveable board, and is held fast to it by a broad-headed 
screw atr, to be turned or unturned by the hand upon occasion. 
To know whether the concave guage be exactly parallel to the 
concavity of the tool ef screwed fast to the mandrel, direct 
the point p of the turning tool to touch any point of the 
tool ef near its circumference ; then having fixed the turning 
tool p q by the screw r, turn the brass tool e f half round, 
and move the upper board till the point p of the turning tool 
be brought over against the same mark upon the tool ef; and 
if it just touches it as before when the guages coincide, all is 
right. If not, the position of the head of the lathe may be 
altered a little by striking it with a mallet. But the best way 
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is to make this examination of the sitnation of the concave 
nage, when only one end of it is fixed to the head of the 
lathe by a single tack or screw, aboat which it may easily he 
moved into its true position. And while the tool or plate «/ is 
taming, the same examination of its parallelism to the guage 
most be frequently repeated; otherwise its surface will take a 
false figure. It is convenient that the upper board Im n o 
should project over both the guages ; and to keep its surfaces 
parallel to that of the under board, two round-headed nails, or 
a plate of brass, of the same thickness as the guages, must be 
fixed to its under surface, towards the opposite side n o. Care 
must be taken to drill the holes in the guages, through which 
they are screwed to the boards, not too near the polished arches, 
for fear of altering their figure, by the yielding of the brass. 
The tool and all the parts of the lathe must be fixed very firm, 
because any trembling motion will cause the graving tool p g 
to indent the brass. After the tool is well turned, it must be 
separated from the brass back ah, by melting the solder with 
live coals laid upon it. 

It is easy to understand, that by transposing the guages, a 
convex tool may be turned in the same manner. Fig. 4 is a per¬ 
spective view'of this method of making convex and concave tools. 

8. 3f.—Mr. Huygens would have his plates or tools first 
formed in a turning lathe, and then ground together with emery; 
that is to say, the concave or convex tool of the same sphere 
together. But the tools of very large spheres, he would have 
ground at first quite plane by a stone-cutter; and then ground 
hollow with a round flat stone and emery to the desired guage. 
And he prescribes to use for this grinding, first a stone half as 
broad as the tool, and after that another stone very nearly as 
broad as the tool; and in this way of forming the tools it is 
convenient to tie a little frame of thick paper, or rather of thin 
pasteboard, about an inch high, round about the tool to keep in 
the emery ; and in grinding, the whole must be made extremely 
firm and stable. And when the tool is to be polished, it must 
still remain upon the stone pedestal; otherwise it will be in 
danger of bending a little in the operation. 

9. For polishing these tools thus ground. Mr. Huygens 
takes some soap, and daubs the concave tool tlierewitb ; then be 
takes the last mentioned round stone, somewhat less than the 
tool, (or the convex tool itself,) and heats it, and then he pours 
upon it some hot melted cement (made of pitch and fine pow¬ 
dered and sifted ashes as much as be can mix with it) and then 
be turns over tlie stone and cement upon the concave tool, into 
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which also he had poured a good quantity of the same cement, 
having first laid three little pieces of brass of equal thicknesses 
on the circumference thereof, in order to pcies and keep this 
crust of cement of an exact equal thickness in all its parts; and 
thus he lets thorn cool together. Then taking the stone from 
the tool and turning it up, he sifts upon the cement that sticks 
to it, a crust of very fine emery, and with a flat iron spatula 
about one-third of an inch thick, gently warmed, he presses 
lightly the emery, to stick to and incrustate upon the cement; 
then he again gently warms the whole stone (or convex tool) 
cement and emery, and be again replaces it upon the concave 
tool, and leaves it again to cool; so that he has by this means 
a crust of emery exactly of the figure of his tool; with this he 
polishes the tool dry, without the addition of any wet, pressing 
it down hard on the surface of the tool. And to press it the 
harder, he places upon it a long pole, a little bent to make it 
spring, whose upper end is fixed to the ceiling of the room, or 
else is pressed downwards by a strong iron spring ; and he says 
it will be necessary to have two persons to rub the stone upon 
the too!. And here it is to be noted that great care must be 
taken in this and all cases where this way of grinding by a pole 
is made use of, to fix the point of pressure exactly and truly in 
the middle, as shall be more particularly explained hereafter 
when the glass comes to be ground in this tool. 

10. It is to be noted that this cement, and indeed all cements 
for sticking glasses, is made in different manners by different 
persons. Pere Cberubin says it is usually made of common 
black pitch and finely sifted vine ashes, but he himself made it 
of rosin and ochre, or of rosin and Spanish white, pounding 
the rosin first, and mixing it with a due quantity of the powder, 
and then sifting the mixture upon hot melted pitch, and while 
bot, well mixing and incorporating the whole. The cement 
that Mr. Scarlet uses is made of common pitch, and common 
coal-ashes sifted fine. In all cases it is harder or softer as more 
or less of the ashes or other powder is put into it; and in this 
present case for polishing these tools, it must be made as hard 
as possible, by putting in as great a quantity of the ashes as is 
possible; for otherwise, if the cement be not hard enough, the 
particles of the emery will be loosened by the heat in grinding, 
and then will only run round upon the tool, and will not work out 
the little inequalities and roughnesses thereof. If the emery 
should be found to grow blunt, a very little more of it may be 
diusted dry upon the tool, by which its sharpness and cutting qua¬ 
lity will be a little recovered ; but if the cement be sufficiently 
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bard at first, as is prescribed, the emery will always remain 
sharp enough. 

11. To bringKlie concave tool still to greater perfection, and 
still to preserve its true form, take equiil pieces, about an inch 
square, of blue hone, such as engravers polish their copper 
withal, and place as many of them, laying the grain some one 
way and some another, as you can, upon the surface of the tool 
to be polished ; sticking and steadying the same, as close as you 
can to one another, with soap or common white starch ; tiien fill 
up all the interstices between the said pieces of hone with clean 
dry sand, to about two-thirds of the thickness of the said hones; 
then having a border of paper or pasteboard put round the 
tool as before, shake the tool gently that the sand may every¬ 
where equally subside, and blow it to an equal depth with a pair 
of bellows. Then take some hard cement extremely hot, and 
pour it all over the hones, and having cleaned the stone (or the 
convex tool) which was before incrustated with pitch and emery, 
place this stone (or convex tool) warmed on the top of this 
cement, and let all cool together. Then rubbing the tool with 
this polisher made with hones, by applying your pole to the 
top of the stone as before, you shall know when the tool is 
brought to perfection, if w'iping ofl' the dirt and filth you find, 
by looking obliquely upon it against the light, that it shines 
equally bright and strong in ail parts. If you would use this 

E olisher again, it must be kept in a cool cellar, leaving the 
ones uppermost; otherwise in warm weather they will change 
their situations in the cement, even with their own weight. 

12. And here it is to be observed, that this method of grind¬ 
ing these tools by an incrustation of emery on hard cement, 
formed to a convexity by the very tool itself, and also the method 
of polishing the same by the blue hones fixed in hard cement, 
may probably as well be used and applied to the grinding and 
polishing of a reflecting metal for a telescope. But in that case 
1 believe it is best not to use a springing pole, but one that shall 
turn upon a point above, being nearly equal in length to the 
radius of the sphere intended. 

OF CHUSINO GLASS. 

13. H .—^The best sort of glass has generally a yellowish, 
reddish, or a greenish colour, when we look through it against 
the sky-light, or lay it upon a sheet of white paper. That 
which is perfectly white, though it transmits the most light, 
is generally fuller of veins, and is often subject to grow moist 
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in tbe air, vrhich in time destroys its polish. In these parts 
there is no better glass to be had than pieces of broken looking- 
glasses. But after some time 1 found pre% good glass at a 
glass-house; and made use of the same matter with which they 
make drinking-glasses, which I found was always the best after 
the matter had rested for two or three days, when the workmen 
kept holydays. I ordered pieces of glass to be made for my 
own use in the same manner as they make looking-glass, that 
is by cutting olf the top and bottom of the round globe they 
blow up. and by slitting the side of it, and then by flatting it 
upon the hearth of the furnace. These pieces, which were 
about half an inch or three quarters ihirk. T ordered to he ground 
to an equal thickness by a stone-cutter, in the machine they 
polish marble w'itb. 

14. To discover the veins in glass, one should look very 
obliquely against a small light in a room otherwise dark. Thus 
one may examine the pieces of a polished looking-glass. But 
because they are seldom thick enough for object-glasses, it is 
necessary to take some pieces of the same sort of glass before 
it is polished, and to get it ground to an equal thickness, and 
polished a little by the common glass grinders, in order to judge 
what pieces are fit for use. Sometimes little veins will appear 
like fine hairs or threads, which scarcely do any harm. I have 
several very good glasses of this sort. Sometimes their imper¬ 
fections cannot be discovered by tbe former way of trial, and 
yet after tbe glass is well formed and polished they will appear 
by reflection in this manner. In a dark room, place the glass 
upright upon a table, turning that surface from you which is 
suspected to be faulty, then holding a lighted candle in your 
band, so that the middle of the broad light reflected from the 
first surface may fall upon your eye, recede frdm the glass till 
the rays reflected from the back surface shall just begin to in¬ 
vert tbe candle ; then the whole glass will appear all over bright 
and then you will discover its defects and the imperfections of 
the polish. When the glass is a portion of a large sphere, we 
use a small perspective, three or four inches long, to magnify 
the defects.'*' 


‘ * The most effectoal method of discovering tbe imperfections of glass, or 
any other diaphanons body, appears to be that announced by Dr. Brewster, 
in bis truly ingenious treatise on New Philoaophiral Instruments. It consists 
ill Immersing the body to be examined in Canada balsam, oil of sassafras, or 
any other fluid of nearly the same refractive density, and turning it round with 
the hand, so that the rays of light may pass through it in every direction. By 
this means, the slightest flaws will be instantly perceived, in consequence of 

33. VOL. II. Q 
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OF PREPARING THE GLASSES BEFORE THEY CAN BE 
AiROUND AND POLISHED. 

15. ff. —The pieces of glass above-montioned, which we 
directed to be planed to an equal thickness, and polished a little 
bv a glass grinder, should be much broader than the intended 
object-glass, that there may be room enough for chasing the best 
part of them. For planing and smoothing those large pieces of 
glass, I ordered the workmen to make use of plates of cast iron, 
such as are sold at the ironmongers’ shops, after they had been 
ground and planed in a stone-cutter's engine. Upon the plate 
of glass, with a diamond-pointed compass, strike a circle repre¬ 
senting the circumference of the object-glass; and also another 
concentric circle with a radius about a tenth or a twelfth part 
of an inch bigger. And also two other such circles, on the 
other side of toe glass, directly opposite to the former : which 
may be done by means of a circular glass to be described by 
and by. The larger parts of the glass may be separated from 
the outward circle by a red-hot iron, or by a strong broad vice, 
opened exactly to the thickness of the glass. The remaining 
inequalities may be taken off by a grindstone, beginning with 
the largest first, and taking care they do not splinter. Then 
having warmed the glass, cement a wooden handle to it, and 
in a common deep tool for eye-glasses, making use of white 
clear sand and water, grind the circumference of the glass, 
exactly true to the innermost circle on each side of it. 

16. Then having made a great many small cavities with a 

S nnch upon one side of a round copper plate, and having 
xed the other side of it upon the middle of the round glass, 
by cement made with two parts of rosin or bard pitch and one 
part of wax, place the steel point of the springing pole above- 
described, being fourteen or fifteen feet long, into that cavity 
of the copper-pfate, which lies nearest to the thickest part of 
the glass. Then work the glass by the pole with sand and water ' 
upon a flat plate of cast iron, of a round figure, the plate hav¬ 
ing been planed with sand and water by a stone-cutter. Then 
having examined the thickness of the glass in several places by 
a hand-vice, which is better than a pair of callipers, by repeat- 
ini' the same operation it will soou be reduced to an equal 
thickness in all its parts. 


Bw dsmites wbldi tliey produce npon the trsDimitted end the dUtinetiieM 
with wfaJidi they are seen increases as tlie refractive power of the Enid ap* 
preaches to that of the solid. ; 







CLASS 1I.>-PRIL0S0PH1CAL APPARATUS AND FINS ARTS. 115 


Euag I.—Grittimg lem$a.—Preptuing the ghu$. 


Towards the end of this operation, it is convenient to make 
use of sifted emery, because the sand will scratch too deep; 
and then it will also be necessary to place the steel point of the 
pole exactly over the centre of the under surface of the glass; 
otherwise that surface will take a cylindrical or a sort of convex 
figure instead of a plane one, even though it was exactly plane 
before you began to grind it. The reason of which is well 
worth observing. And when convex-glasses are to be polished, 
it is also absolutely necessary to place the point of pressure 
exactly over the centre of the under surface of the glass. 

17. Therefore to bring one of the little cavities in the copper¬ 
plate exactly over that centre, we make use of a circular glass 
formed from a broken looking-glass, the quicksilver being 
rubbed off; having described upon it with a diamond-pointed 
compass, eight or ten concentric circles at the distance of about 
a quarter of an inch from each other, so that the larger circles 
may be somewhat bigger than the circumference of the glass 
to be polished. Lay this circular glass upon the surface of the 
glass to be polished, and move it to and fro till you perceive 
the circumference of the glass to be polished is exactly parallel 
to the nearest circle upon the circular glass; then having 
inverted both the glasses, lay the circular glass upon a table, 
and having laid a smalt live coal upon the copper-plate, to 
make it moveable upon the cement, place one point of a pair 
of compasses in one of the little cavities, and move the copper 
till a circumference described with the other point coincides 
exactly with any one circle upon the circular glass, and the 
business is done. With starch it is convenient to paste three 
slender shreds of linen, directly towards the centre of the 
circular glass, that the other glass may not slide too easily upon 
it, and ^at they may not scratch one another. 

18. The cavities punched in the copper-plate, and also the 
point of the pole, should be triangular, to hinder the rotation of 
the glass; which is still more necessary in perfecting the polish 
of the glass. And here it must be observed again whether 
the circumference of the glass remains exactly circular on both 
sides of it, which must be tried with a pair of compasses; and if it 
be not, it must be corrected again by grinding it exactly circular 
in a common tool for making eye-glasses ; which will contribute 
very much to its taking an exact spherical surface when it 
comes to be ground in proper tool. For if any part of the 
circumference be protuberant, it will hinder the adjoining parts 
of the surface from wearing so much as they should do; and by 
consequence will spoil the spherical figure of the surface. 
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OF GRINDING THE GLASSES. 

19. 3f.—The glass being planed and rounded as above, 
take away the plate with several cavities, and with some of the 
same cement Hx on a smaller round piece of brass or rather steel, 
truly flat and turned about the bigness of a farthing, but thicker; 
having first made in the centre thereof, with a triangular steel 
punch, a hole about the bigness of a goose-quill, and about 
the depth of of an inch ; and at the very bottom of this 
triangular hole, a littiesmall round hole must be punched some¬ 
what deeper with a very fine small steel punch. A small steel 
point of about an inch long must be truly shaped and fitted to 
this triangular bole, and at the very apex to the small round 
deeper impression. Nevertheless it must not be fitted so exactly 
to the same, but that it may have some liberty to move a little 
to and fro ; the apex always continuing to touch and press 
upon the surface of the round hole below. This steel triangular 
point most be fixed to tbe end of a pole, to the other end of 
which another round iron point must be fixed, of about five 
or six inches long, to play freely up and down in a round hole 
in apiece of brass let into a board fixed against the ceiling for 
that purpose, perpendicularly over the bench, and over the 
centre of the tool, which must be strongly and truly fixed 
horizontally thereon. This apparatus is represented by fig. 5, 
plate LXXXIII. 

20. Now here it is to be noted, that Mr. Huygens prescribed 
to fix his brass plate to the glass by means of cement, and 
takes no notice of any other method w hatever : tiiough a very 
small experience in these affairs will convince any body that it 
is hardly possible, in this or any other case, to bring the cement 
to a fluidity suflicient to fix two plane surfaces exactly parallel 
one to tbe other, without heating the glass and tbe brass also 
to a great degree, and* so as to endanger the figure of the glass 
considerably. To avoid this in fixing glasses to brass or wood 
or the like, some have done it with plaster of Paris : Mr. Scarlet 
does it by cementing another intermediate glass to the brass (or 
wood) and then fixing the glass, to be ground, to the outward 
surface of the cemented glass with common glue. Without all 
this trouble, I have done it only with common Ictbyocolla or fish 

g lue, which will run very fluid, and will fix the glass and the 
rass itself strongly together; and round the edges of the brass 
I stick on some common soft red wax, such as is used for the 
privy seal, to keep the wet from getting to tbe glue. 
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21. For grinding glasses truly plane, upon a plane tool, by 
this method. Mr. Huygens prescribes this pole to be about 
6t'teen feet long; but in grinding upon a concave plate, the 
pole had best be made equal to the radius of the sphere of 
the tool; though I believe it would not be material if made 
considerably shorter, according as the height of the room will 
allow. 

It'is necessary to have lying by one, an ordinary piece of 
coarse glass, ground in the same too, culled a bruiser, whereby 
when any new emery is necessary to be laid on the tool in 
grinding your glass, the said emery s constantly to be first run 
over and smoothed, fur fear any little coarse grains should 
remain and scratch the glass to be ground. 

22. Having these things'prepared, together with some pots 
of emery of various finenesses, take of your roughest sort a 
small half pugil, wetting the same ani daubing it pretty equally 
on the tool; then lay on your glass and fix up your pole, and 
continue to grind for a quarter of an hour, not pressing 
upon the pole, but barely carrying the glass round thereby; 
then take the like quantity of some iner emery, and work an¬ 
other quarter of an hour therewith ; then take the like quantity 
of emery still finer, and work for the same time ; last of all take 
a less quantity of some of the very finest you have, which will 
be sufficient for a glass of five inches diameter, and work there¬ 
with for an hour and a half, taking away by little and little 
some of the emery with a wet sponge. Do not keep it too wet 
nor too diy, but about the consistence of pap ; for much depends 
on this. If it is too dry, your emery will clog and stick and 
incorporate, so as for the most part to cut little or not at all, 
unless here and there where its body chances to be broke, and 
there it will scratch and cut your glass irregularly; and if it is 
too wet, and too much diluted, it will from the irregular 
separation of its parts cut in some places more than others, just 
as in the other case. 

23. But Mr. Huygens tells us this method of using various 
sorts of fresh emery is not good, finding by experience that 
the surfaces of large glasses are often scratched. And therefore, 
he says, it is best to take a large quantity of the first or second 
sort of emery, and so work with the same from the first to the 
last; taking away by little and little, every half hoar, or 
quarter of an hour, more and more of the emery with a wet 
sponge; by which means he could bring the glass extremely 
smooth and fine, so as to see pretty distinctly a candle, or the 
sash windows well defined, through it; which is a mark when 
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it is grouiui enough to be ready to receive a polish. But if the 
glass has not acquired this degree of transparency, it is certain, 
says Mr. Huygens, that too much emery remains; and there¬ 
fore it must still be diminished and the operation continued. 
He found it best to make use of common well water in this 
iprinding; and he took care to move the glass in circles, taking 
in an inch beyond the centre of the tool and somewhat beyond 
the outside of the tool; and he found ip a glass of two hundred 
feet, whose diameter was inches, which he ground in a tool 
of 15 inches diameter, tha: the figure of the tool in grinding 
would alter considerably, inless he carried the glass round an 
inch beyond the centre ot' the tool one way, and 3^ inches 
beyond the skirts of it anotker way : but if he curried it no more 
than a straw’s breadth beyond the skirts of the tool, and accord¬ 
ingly farther beyond the centre, the glass would always grind 
falsely, too much being taken off on the outsides, so that he could 
never after bring the outsides of the glass to a true and fine 
polish. 

24. When you first begin to grind, and the emery begins to 
be smooth, the glass will stick a little to the tool and run stiff; 
then fresh emery is to be added. When it afterwards comes 
to be polished, it will, if large, require a considerable strength 
to move it, but this inconvejience will h^peii less in grinding 
by the pole than in grinding by hand. For the warmth of the 
band makes the substance of the glass swell, and not only 
increases the sticking of the glass, but in some measure may 
also spoil the figure of it, and also of the tool. \^en it is 
ground with the pole, it never sticks very strongly, unless when 
you take the glass off from Uie tool and keep it from it for some 
time, and then apply it to the tool again; and this in large 
glasses; for by this means, says Mr. Huygens, the glass gets 
from the air a greater warmth than it had on the tool; and being 
again applied to the tool, its lower surface is suddenly con¬ 
tracted by the coldness of the tool, and so sticks to it. Where¬ 
fore, saitb he, yon must, in that case, wait till the glass, and the 
tool come to be of one temper. The like effect is observable in 
grinding large glasses when there is a fiire in the room. Perhaps 
the cause of these ^ects may be more truly reduced from the 
attractive qualities of warm glass. But whatever is the cause, 
me may from hence perceive the great nicety of grinding large 
glasses, and the necessity there is of grinding them slowly, and 
.with the greatest caution in the most minute circumstanoes. 

S5. The method hiffierto described of grind i^ with emerj, 
IS what is recommended by Mr. Huygens. JLe Fere Chernbin 
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prescribes another material^ and it is the of a hard grind¬ 
stone well beaten into a fine powder and sifted pretty fine. And 
here in England Uie same thing was used to be performed by 
Mr. Cox with common clean fine white sand, taking away by 
little and little the said grit and sand as it ground finer and 
finer. Nay, Mr. Cox was used to continue his grinding till 
tbe matter of the sand came to be so fine, and so little of it to 
remain in tbe tool, that he could, and frequently did use to 
polish off his glasses therein, without the use of any other 
material whatsoever; and 1 myself have been present, while 
Mr. Scarlet ground and polished, or dried off, a glass of sixteen 
feet in this manner. They call this way drying off on sand, 
because as the matter grows finer and finer, they wet it less and 
less, till for the last quarter of an hour (the whole work lasting 
near two hours) they only wet it by breathing upon it, and at 
the very last not at all. 

26. It seems this method is now quite disused ; perhaps the 
violent labour Tequisite at the last may be a reason of it. A 
better reason may be tbe great improbability of grinding or 
polishing true by this method, by the uncertain and unequal 
force of tbe hand, and if this be the true reason of its disuse, 
I cannot well see but that this method of grinding and polishing 
out and out in the same tool, and with the same material, viz. 
white sand, might perhaps be again restored, and greatly 
improved by adding to tbe old way Mr. Huygens’ method of 
grinding and polishing with a pole and spring to press down 
die pole ; or some analogous contrivance. And in relation to 
grinding by all or any of the methods above described, this one 
general remark most be made, that the artist must allow time 
and patience to bring his glass by grinding to the smoothest and 
finest surface that he possibly can, before he attempts to polish. 
For this and this only makes his glass polish truly smooth, well, 
and easily: and the smoother you bring it in grinding, the less 
labour you will have in polishing ; in which consists not only 
the greatest difficulty, but the greatest danger too of spoiling 
all you have done before. 


OF GIVING GLASSES THE LAST AND FINEST POLISH. 

27. M .—Having removed the little brass plate from the glass, 
take, says Mr. Huygens, a very thick slate, or rather a block of 
blue or grey stone; let it be half an inch thick, and let it be 
g^und true and round at the stone-cutter’s ; its diameter being 
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somewhat smaller than the diameter of your glass, leaving a 
hole quite through, in ^e centre, of about an inch diameter. 
Then make some cement, two parts rosin or hard pitch and one 
part wax; and taking a piece of thick kersey cloth, truly and 
equally wrought, cut this cloth round, and leave a like bole, 
one inch diameter, in the middle. Then warming the stone and 
also warming the glass, and spreading thinly and equally upon 
them some of this cement, lay on the cloth and thereupon lay 
on also the glass, having left in the middle a space the breadm 
of a shilling uncemented and blacked with a candle. Then 
provide a hollow conical plate of iron or steel (shaped like a 
nigh-crowned bat) having the basis of the cone 1 inch diameter, 
and having round the basis a flat border about 2^ inches diameter, 
and having the depth or altitude of the cone exactly of the 
thickness of the slate, cloth and cement, to which the glass 
is fixed. The vertex of this cone must go down tlirough the 
slate and cloth, so tiiat being cemented on the slate, thu said 
vertex may approach to the glass within a hair's breadth, and 
lie perpendicularly over the centre of the lower surface of the 
glass : and this must be adjusted by the circular glass described 
in article 17. Within the vertex of this hollow cone, the lower 
point of the pole is to be applied in polishing, see fig. 6;—but it 
may be first proper to be observed, that perhaps fish glue and a 
brass plate, in lieu, and of the dimensions, of the above-said slate, 
may perhaps be better. Mr. Huygens observes also, that the 
angle of the cone should be BO or 90 degrees, and that the 
hollow vertex of it should be solid enough to receive a small 
impression from a round steel punch, to put tbc point of the 
pole into, which might otherwise have too much liberty, and 
slip from the vertex. The design of the black spot in the middle 
of the glass, is to discover by the light of a candle obliquely 
reflected from your glass, after it has been polished some time, 
whether it be perfectly clear, and free from the appearence of 
any bluish colour like that of ashes. 

28. Before the work of polishing is begun, it is proper to 
stretch an even well-wrought piece of linen over the t^, dost* 
ing thereupon some very fine tripoly. Then taking the glass in 
your hand, run it round 40 or 50 times thereupon; and this with 
chiefly take oflT the roughness of the glass about the border of 
it, which otherwise might too much wear away the lower parts 
of Uietool, in which the glass is chiefly to obtain its lost polish. 

If 1 understand Mr. Huygens right, this cloth is then to be 
removed, and the glass to be begun to be polished upon the 
very naked tool itself. But first, there is to be prepared somOj 
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vary fins sod some bl^ vitriol, (saipbatc of copper,) 

Pibertvise ihiUcp Cyprion, J^ngUsli and i^ungarian vitriol Rnely 
powdered t 9 ^ lour parts of tripoly with one of vitriol: six or 
ftiglit grains of ibis mixture (which is about the quantity of two 
large peas) is suflicientfor a glass five inches broad. This com¬ 
pound powder must be wetted with about eight or tea drops of 
clear vinegar in the middle of the tool; and it must be mixed and 
softened thoroughly with a very fine small mailer. Then with 
a coafse painting brush take gresU: care to spread it thinly and 
equably upon the tool, or at least upon a moch larger space in 
tbc, middle of it, than the glass shaU run over in the polishing. 
This coat must be laid on very thin (but not too thin iicithei) 
otherwise it will waste away too much in the polishing, and 
the tool will be apt to be furrowed thereby, and to have its figure 
impaired; insomuch that sometimes a new daubing thereof 
must be laid on, which it is not easy to do so equably as at first. 
This daubing must be perfectly dried by holding over it a hot 
clean fr>iug pan, or a lliiu pan of iron, with lighted charcoal 
therein J'ur that purpose ; then leave all till tlie pool is perfectly 
cold. Then having some other very fine tripoly very well 
washed and gromid with a muller, and afterwards dried and 
finely powdered, take some of the same, and strew it tliinly and 
equably on the tool so prepared ; then take your coarse glass 
which lay by you, and smootli all the said tripoly, very equably 
and finely : then take your glass to be polisJied, and wipe it 
thoroughly clean from all cement, grease, or other filth which 
may stick to it, with a clean cloth dipped in water, .a little 
tinged with tripoly and vitriol; then taking your glass in your 
hand, apply it on the tool, and move it gently twice or thrice, 
in a straight line backwards and forwards; then take it off, and 
observe whether the marks of the tripoly, sticking to the glass, 
l^m to be equably spread over the whole surface thereof; if 
not, it is a sign that either the tool or the glass is toe warm; 
then you must wait a little, and try again, iill you fiud the glass 
takes the trippLy every-where alike. Then you may begin 
htoldtly to polish, and there will be no peat danger of spoiling 
the figure of the glass ; which in tbe other case would infallibly 
happen. If the tool ibe warmer than the ^lass, it will touch 
Ahe glass harder in the middle than towards iiCs curcumference; 
heoan^ the upper surface of the tool being swelled by heat, will 
heoome too fiatr, On the contrary, if 4he ghuis be wwjnQr than 
■tbe itool, it wiW hear harder towards its circumference tlian at 
iho oentre; heoamse tlie interior surface of itb® glass is oontaaoted 
by tbe coldnoss of .plate, more than tbe superior. 
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29. Mr. Huygens says^ that if the work of poshing were 
to be performed by strength of band, it would be a work of 
▼ery gmt labour, and even eonld not be perfonned in glasses 
of five or six feet focal distance: and he seems to think it 
absolutely necessary that an extraordinary great force or pres¬ 
sure should be applied upon the glass. For this purpose be 
has therefore contrived and described two methods for suffi¬ 
ciently increasing the pressure ; for the explanation of which, 
recourse most be had to his directions, [for which, see article 
35, &c.;] it may tuffice here to say^ that they chiefly consist in 
applying the force of a strong spring to press down the centre 
of the glass upon the polisher. 

30. This operation of ^polishing, as it is one of the most 
difficult and nice points of the whole, has been very variously 
attempted end described by various authors; Sir Isaac Newton, 
Pere Chernbin, Mr. Huygens, and the common gla8s>grinders, 
have taken different methods in this matter. Sir Isaac is the 
only person who seems not to insist on the necessity of a very 
violent and strong pressure. In the English 8v'o. edition of 
his Optics, page he has these words: *' An object-glass of 
a fourteen-foot telescope, made by an artificer at London, I 
once mended considerably, by grinding it on pitch with putty, 
and leaning very easily on it in the grinding, lest the putty 
should scratch it. Whether this may not do well enoogb for 

E olishing these reflecting glasses, I have not yet tried. But 
e that shall try either this or any other way of polishing which 
be may think better, may do well to make his glasses ready for 
polishing by grinding them without that violence, wherewith 
our London workmen press their glasses in grinding. For by 
such violent pressure, glasses are apt to bend a little in the 
grinding, and such bending will certainly spoil their fi^re.” 

31. As to his own method of polishing glass, 1 de not 
know that he any-where expressly describes it, but bis method 
of polishing reflecting metals he doth, and it was thus in bis 
own words, page 92: ** The polish I used was in this manner, I 
had two round copper plates, each six indies in diameter; the 
one convex, the o^er concave, ground very true to one another. 
On the convex I ground the object-metal, or concave, which was 
to be polished, till it had taken the figure of the convex, rad 
vras ready ibr a polish. Then I piteb^ over the convex very 
t^ly, by dn^ping melted pitch upon it, and warming it to 
ke^ Ae pitch soft, whilst I ground it wMh.^ concave co|^p«r 
wetted to make it spread evenly all over rthe convex. Hins by 
working it well, I made it as ’thin as a great, rad alter (be 
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convex was cold I g^roand it again, to give it as true a figure, 
is 1 could. Then 1 took putty, which I made very fine by 
washing it from all its grosser particles, and laying a little of 
this upon the pitch, I ground it upon the pitch with the concave 
copper till it had done making a noise; and then upon the 
pitch 1 ground the object-metal with a brisk motion for about 
two or ^ree minutes of time, leaning bard upon it. Then I 
put fresh putty upon the pitch, and ground it again till it had 
done making a noise, and afterwards ground the object-metal 
upon it as before.^ And this work I repeated till the metal was 
polished, giindiug it the last time with all my strength for a 
good while together, and frequently breathing upon the pitch 
to keep it moist, without laying on any more fresh putty. 
The objeot-metal was two inches broad, and about one-third part 
of an inch thick, to keep it from bending. 1 had two of these 
metals, and when 1 bad polished them both, I tried which was 
best, and ground the other again, to see if 1 could make* it 
better than that which I kept. And thus by many trials 1 
learned the way of polishing, till 1 made those two reflecting 
perspectives 1 spake of above. For this art of polishing will 
be better learned by repeated practice than by my description. 
Before I ground the object-metal on the pitch, 1 always ground 
the putty on it with the concave copper till it had done making 
a noise, because if the particles of the putty were not by this 
means made to stick fast in the pitch, they would, by roiling up 
and down, grate and fret the object-metal, and fill it full of little 
holes. It seems not improbable but that glass may also be 
polished with proper care by the same method.” 

32. The method of polishing described by Fere Chembin 
seems to be chiefly thus: he polishes with tripoly or putty, or first 
with tripoly, and afterwards wilh putty. But what he seems 
most to approve of, is putty alone. He polishes in the same 
tool he grinds in, and be very verbosely describes various ways 
of doing it. He prescribes to stretch very tight a very fine 
thin leather or fine English fustian, or fine holland, or any 
fine linen, or fine silk, tafiety or satin, all of an equable thickness 
as near as may be, upon the tool; then be daubs thinly on this 
surface, thus stretched, a streak of putty, sufficiently wetted, to 
the consistence of thick syrup, about as broad as the glass or 
a little more, passing through tlie centre of the tool directly 
ficom him; then smoothing the potty by running his bruiser 
and pressing it backwards and forwards to him and from him, 
he at length lays on the glass cemented to its handle; and 
giving it always the same motion, strongly pressing to him 
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*aiid ft-cttn bifn Aloti^ tbe streak of putty, and by siiteh prfMwtire 
forcing tbe surface of the silk, already sometrhat stretched, 
cloie t6 tbe surface of the tool, to which the fi^re of (he glass 
ikas exactly adapted t be says, that he could by that meank 
ebtalli au excellent fine polish on any of the above-mentioned 
ittbstances. Before every stroke, he turned (he glass a little on 
Its axis, and its handle was on this occasion considerably heavielr 
than Usual in grinding, which he commends as very useful in 
this business; and if new putty was watding he made no 
difficulty of lading it on, as often as necessa^, always carefully 
Sknoofhing it thereon, with the bruiser, before the glass was 
Applied. 

83, This method I am‘of opinion might be improved by 
nioving the glass, not by band, but by the pole and spring, some¬ 
what after the method of Mr. Huygens, especially if the pole 
were contrived not to move loose in a round brass hole above, 
but on a strong point pressed down by some spring; the length 
of (he }.(‘fe being equal to the radius of the tool, and the point 
where tiie spring presses the upper end of the pole, being truly 
perpendicular over the centre of the tool, and exactly in the 
centre of its sphere. 

34. Another method which the same author prescribes for 
polishing in the tool is thus ; he takes a sheet of very fine paper, 
and examining it very carefully by looking upon it and through 
it» be takes off with a fine penknife all the little lumps, hard 
parts, roughnesses, and inequalities, that be can find ; then he 
soaks it in clean water, then he takes and dri.es it between two 
clean linen cloths, though not so much as to make it quite 
dry, but to leave it dampish ; then with some very thin starch 
or paste, he daubs equably all over the surface of his tool 
as thin as possible, but some cvery-where; then be lays oU 
his paper very gently and slow'ly, letting it touch and slick 
first at one side, and by degrees more and more towards the 
middle, and by degrees to cover the whole: and he does 
this slowly, to let all the air go out; then with the palm of 
bis hand he presses the centre and every-where round about it 
towards the circumference to make the paper stick every-where; 
and this he does three or four times while it is drying to get out 
aft the Air; he lets it dry of itseff, then he revises it again with 
bis ki^e as before; then he has a very coarse bruiser of glass, 
wlbose circamference is sharply ground round and at rig^ 
angles to its surface, which ne had coarsely ground before in 
the same to^ ; with fbi^and a vefy beavy handle, be smootbii 
and poirihes, abd rtibs bn all the remaining^ ibeqnantles bf tlie 
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f»aper, snd wbeo this is «}ooe be lays on a streak of tripoly,, 
and polishes, as in his own method. 

36. H .—At CC, plate LXXXIII. fig. 7, is represented 
a square beam of wood, a little longer than the diameter of 
the tool, and about inch thick; the two extremities of 
it, at C and C, are bent downwards, and then are again 
directed parallel to the whole length, and serve for han¬ 
dles for the workmen to lay hold upon. In tite middle 
of this beam there is fixed an iron spike, so long that when 
the lower surfaces of the bandies CC are placed upon a 
plane, the point of the spike shall just touch the plane. This 
point presses upon the apex of the hollow cone, which descends 
through the hole in the slate, which by the interposition of a 
cloth was cemented to the glass B lying upon the tool A. To 
increase this pressure, a sort of a bow 1)£D is shaped out of 
a deal board, half an inch thick and five feet long, being 
seven inches broad in the middle, and tapered narrower towards 
its extremities, so as to end almost in a sharp point. The 
middle of the bow is fixed to the floor by an iron staple at £ 
driven across it; and is bent into an arch by a rope FilF; to 
which two other ropes are tied at I and 1; the interval 11 being 
equal to the length of the beam CC. One of these ropes, ICCG, 
goes over the back of the beam CC, passing through a hole in 
each handle atC and C, and then is lapped round a cylindrical 
peg at G, that passes through two wooden chaps, to the bottom 
of which the other rope is tied that comes from the other I. So 
that by turning the pegG, to lap the rope about it, the buwDD 
may be bent as indch as you pleire. The tool A is placed upon 
a strong square board fixed to the table O on one side, and 
supported on the other side by the post P. Then the workman 
sits down, and taking hold of the handles CC, he draws the 
glass to him and from him over the tool A, with a moderate 
motion. And after every twenty or twenty-four strokes, he turns 
the glass a little about its axis. This way of polishing took 
up two or three hours, and was very laborious as well as tedious, 
because the glass being so much pressed downwards was moved 
very slowly. 

3^. Instead of the bow DD, afterwards I invented another 
apring; by sloping the fiat ends of a couple of deal boards o/3, 
a y, fig. 8, and by nailing the flat slopes together very firmly, that 
the boards might make an acute angle /3oy. One of these boards 
ao joined, was laid upon the floor under the polishing table, the 
Gods i3 y being under the middle of the tool.A, fig. 7; so that 
Biey lay quite ont of tlie way of tlie wcwkman, who before was a 
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• little incommoded , by the ends of the %oir DD. The boanif at 
the end o, fig. 8, were eight or ten iticbes broad, uid from themm 
'went tapering almost to a point at ft and y. The board a y lying 
upon the fiuur, the end ft, of the upper board, was palled 
downwards by a rope fte^ that passed under a pulley r, fixed 
to the floor, and then was lapped round a strong peg ^ tbid 
tamed stiff in a hole in the floor. Under the end y the middle 
of a strolf|^ stick ^ y S was fixed at right angles to the board 
o y, and cords were tied to each end of this stick at B B, wbiob 
went over the polishing beam CC, as in the former machine. 
This stick was lifted up bat very little from the floor at the 
time of polishing; and by consequence the rop^s BC, BC, were 
long enough to give liberty of motion to the polishing beam 
CC. Two iron pins 6 9, passing through the ends of the boards 
at a, were screwed into the floor, but the heads of the pins 
stood up above the boards, to give them liberty to rise up, 
when the rope fte^ was stretched. 

87. To facilitate the labour of moving the glass backwards 
and forwards in the tool, I made this addition to the former 
machine. At M, fig. 7, is represented a strong hand made of 
wood or iron, having a square cavity cut through the bottom of 
it, for the polishing beam CC to pass through, nut tight, bat with 
some liberty. To one side of this hand M, a long board LL 
is annexed, some way or odier, by means of an iron bolt. 
The breadth of the lower surface of this board LL is equal to 
the breadth of the hand M, being two inches and a half; its 
thickness is half an inch, and its length is equal to three 
semi-diameters of the tool. The board LL mast be drawn 
lengthways backward and fo^ard over a block H, fixed firHily 
to a table O; the thickness of the block being snch that the 
board LL may lie an inch higher than the surface of the tool A. 
The wooden hooks at 11, and the pins at 2, keep the motion of the 
board in the same direction, by hindering it from slipping either 
sideways or upwards. Over this board, at right ans^es to it, 
and over the middle of the block H, there lies a wooden roller, 
having a strong^iron axis which tarns in the holes of two iron 
plates fixed to the ends of the block. The thickness of the 
roller is about an inch and a half. Through two holes bored 
through this roller, and made wider at one of them, two strong 
cords are made to pass with knots at one end of them, to be 
drawn into the wider parts of the holes, that they mav neifiier 
slip through nor stand out from the roller. Then each cord is 
lapped round tiie cylinder several tiroes; and one'end of eaob 
is pegged firmly into the board LL, at the end towards M, and 
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tlw other ends of thei^ are lapped round a peg at N; which 
being turned round, will atretch thh cords as much as youplease. 
At one end of the axis of this roller there is a handle Q, whidi 
being turned round, backwards and forwards alternately, the 
board LL, with the glass annexed to it, is moved to and fro, so 
far, that aboutji third port of its diameter shoots both ways 
over the margm of the tool. Tbe spike in the middle of the 
beam CC presses the gl^s a little obliquely, because the band 
M holds the beam CC not tight but somewhat loosely, to the 
end that the glass may pass over the tool without trembling. 
Nevertheless ^is inclination of tbe spike mast be but very small; 
and may easily be increased or diminished several ways. Two 
pins or stops must be fixed to the under surface of the board 
\Aj, to determine the length of the stroke. The tool A, or 
rather the stone to which it is cemented, is squeezed fast between 
tbe block H and a strong stop on the opposite side of tbe stone, 
by the interposition of a wedge. The workman sits upon a 
round stool, and when one hand tired with turning the roller, 
he applies the other; and therefore is not tired so soon as with 
the other machine, which required both hands, and also a 
reciprocating motion of his whole body. Sometime after, I 
caused a longer handle Q a to be made, that turned at both ends, 
for the convenience of using both hands at once. 

38. After every twenty or twenty-four strokes, it is necessary 
to give the glass a small turn about its axis; which is easily 
done by laying hold of tbe slate, fixed to it, with one hand, 
while the other hand goes on with the pulishiog motion. The 
tool must also be moved a little after every twenty-five or 
fifty strokes, by drawing it half a straw’s breadth towards that 
part of it which tbe glass has loft; and by drawing it back 
again after as many more strokes. At tbe beginning of tbe 
work, the tripoly will be gathered into little lumps in some 
places of the tool, but will be dispersed again in a little 
time ; and then the area of the tool will become perfectly 
smooth. 

89. If the tripoly does not appear to sii(k equally to the 
glass in all parts, and to be difiused over it in slender straight 
streaks, the frying-pan, with coals in it, must be held over the 
tool again; tiu you perceive tbe area or coat of tripoly is not 
quite so cold as the other parts of the tool. Then let tripoly 
Im rubbckl upon the tool again, and let the glass be pressed 
over it with your hand, to try whether it sticks equally to the 
glass in the very place. When it does, you may proceed in 
the work of polishing. But after I began to make use of vitriol 
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instead of verdigris, ali tiiat I Inivo aidd about iramiHig tbe 
tool may be omitted. Because tbeoe coats always touco 
glass as they should do, and stick better than before. Also let 
the tool be rubbed with tripoly over the coat without warming 
the tod, that the coat may be preserved more entire, and that 
the glass may touch it better; which must alwpys be repeated 
after 200 or 400 strokes in polishing. The glass should also 
be taken from the tool after 200 strokes, by withdrawing'-the 
bdt L which connects the hand M to the hoard LL; andr'by 
removing the beam CC. Then rub your 6oger upon the glaks, 
or a clean rag or a bit of leather, to examine how much it is 
polished. ^ 

40. To save the trouble of counting the strokes, there is a 
wooden wheel aX, fig. 7, seven or eight inches broad, placed 
flat against a board, fixed to the side of a wall. It tarns easily 
about an axis, and has twenty-four teeth, like those of a saw, 
which are pushed round by a bended w'ire TYX, in this man¬ 
ner. The wire turns about a centre Y, and while one end of 
it is pulled by the string TV', tied to the end of the board LL, 
the opposite end YX pushes back a long spring KS fixed to 
the board at R ; which by pressing upon the wire at S causes 
the part YX to bend a little, and so the point X, in returning 
to the wheel (the string being relaxed) falls a little lower, into 
the next tooth, and pushes it forward into the position repre¬ 
sented in the figure. There is a springing catch at a which 
stays the wheel, after every stroke at X. Lastly, there is a 

^ pin fixed in the circumference of the w heel at Z, which by 
pressing the.tail of a hammer, and letting it go again, causes a 
bell to sound after every revolution of the wheel, and gives 
notice that the glass must be turned a little about its centre. 
It is easy to understand, that another piece of wheel-work, 
having three or four indexes,*whose revolutions are in decimal 
progression, may be fixed to the block H end impelled by the 
strokes of the board LL; by which means, without any trouble 
of connting, one may be informed how many strokes go to 
polish a glass. 

41. A glass five or six inches broad, requires albont 9000 

itrokes, upon each surface, to bring it to perfection. And yon 
amst >cfiie4^Btly examine the middle of the gflass opposite to toe 
bhuAing, w||^ther any place appears darkish m* of an ash-o<dottr; 
er W'heto# iiiy small spots appear by an oblique r^ectioo of 
to4 candle, or of a small beam of light let -into a daik 

^toe other -parts of (he glass wiu appear pmt^iy 
floe Mdutl sooner toan the middle. 
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42. After the glass has been sufficiently polished, let the 
stone, the clotbi and the cement, be warmed over a pan of char¬ 
coal, till the cement grows so soft that the glass may be separate# 
from it by a side motion. 'Then whatever cement remains upon 
the glass, must be wiped off with a hot cloth dipped in oil or 
tallow, and last of all with cleaner cloths. Then if it does not 
appear perfectly polished (for we are often deceived in this 
point) the work must be repeated again, by gluing the glass 4o 
the slate as before; then it must be wiped very clean, and 
be made a little rough, as we said before. We may also lay a 
new fund or coat upon the tool if the old one be spoiled ; pro¬ 
vided no other glass has been polished in the tool in the mean 
time. The old fund way be washed off from the tool with a 
little vinegar. Lastly, take care always to cbuse the thickest 
and the clearest pieces of glass, to avoid a great many diffi¬ 
culties that arise from the unequal pressure in polishing. 


ESSAY II. 


A Method of Working the Object-glasses of Refracting 
Telescopes truly spherical. 

This essay was written by an optician of the first repute in 
his day. It was delivered by himself to the Royal Society, 
sealed up, with an injunction that it was not to be opened till 
after his decease. This condition being complied with, it was, 
on being communicated to the public, almost twenty years 
afterwards, found to be as follows : 

43. Prepare two plates or tools of brass, the one convex and 
the other concave, being both portions of a sphere of the same 
radius as the focal leng& of the object-glass you want to have, 
or rather of a radius somewhat longer than the focal length 
you want, for a dioptrical reason; let these plates or tools be 
between two and three times the breadth of the object-glass 
desired; or, in long focal lengths, twice the breadth will be 
sufficient. Let these tools be of a sufficient thickness in pro¬ 
portion to their breadth or diameter, and let them be ground 
with fine emery exactly true to one another, working them 

34. VOL. II. S 
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alteraately, Oie one above the other, to preserve the same focal 
length; or if it is desired longer, yon most work the ccmvex 
above the concave; or if desired shorter, you most grind the 
concave above the convex. 

44. After this, yon prepare another brass plate or tool, of the 
same breadth and thickness as the two former, and of the same 
radius of concavity; its being truly turned on a lathe will be 
sufficient for this purpose; which tool is to serve afterwards for 
the polishing of the two surfaces of your object-glass, and 
therefore called the polishing tool, 

45. Prepare a piece of straw-coloured glass of the plate- 
glass kind, of the proper diameter for the object-glass you 
desire, which ought always to be broader than the proper aper¬ 
ture for that length. Let this piece of glass be ground flat, 
in another tool, on both sides, and as nearly parallel as may be, 
and somewhat polished in order to discover whether there 
are any veins or flaws in the glass. When you are satisfled 
of the goodness of the glass, you are then to prepare a 
handle to fasten your glass to. Great care must be taken in 
this, for fear of bending your glass by the handle; my method 
is this : 1 take a flat piece of brass, or rather of the con¬ 
cavity of the sphere, to which the glass is to be ground ; 
this piece of brass should not be thicker than two-thirds of 
the thickness of the glass, of a circular form, less in breadth 
somewhat than the glass itself, and having sides of tlie same 
form, at right angles to the flat piece of brass, and these 
sides ought to be of such a shape as that the fingers may 
easily apply to it in working, and these sides should be as low 
as may conveniently be, and no thicker than about two-thirds 
of the glass. This handle is to be fastened to the glass, by 
warming the glass and handle gently before a fire, and laying 
some pitch upon the glass thus warmed, till it becomes soft 
like melted wax ; and then laying your brass handle, a little 
heated, on the pitch, you press it a little, till you are sure tbmre 
is nothing between the glass and handle but pitch. You then 
lay down the glass and handle upon something flat, taking care 
that the handle is in the middle of the glass, till it is entirely 
cold. It is very material to know, that the pitch, to be used 
for fastening the handle to the glass, must be soft pitch, that 
has never been used, nor melted ; for any other pitch will in¬ 
fallibly bend the glass. 

46. Yon then grind your glass in the concave tool with 
emeiy, and give it the proper figure and smoothing, f<Mr the last 
polish, in the common manner. 
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47. In order to ^ive your glass the last polish, which is the 
most difficult part of the whole work, you are to prepare some 
pitch for covering the hefore>mentioned polishing concave 
tool; which is done in this manner: Take some pitch, and 
melt it in an iron ladle, and let it boil for a quarter of an 
hour or thereabouts; by this boiling, the pitch, when cold, 
will become hard and brittle; or you may shorten this opera¬ 
tion, by melting equal quantities of pitch and rosin, and then 
there is no occasion to let it boil so long. Your pitch being 
thus prepared, you again melt it, and take it off the hre, and 
let it stand till the pitch becomes pretty cold, or of a thickish 
consistence ; and having warmed the polishing tool a little, to 
make the pitch stick to it, you pour out of the ladle upon the 
polishing tool as much of the pitch as you judge will cover the 
whole tool, when spread out, to about the thickness of one- 
eighth of an inch ; you then invert this tool with the pitch 
upon it, and press it upon the convex tool, which must be 
quite dry, clean, and cold, in order to give it the figure of the 
convex tool. In case it has not spread out so as to cover the 
whole surface of the polishing tool, you warm the pitch by 
holding it before the fire, and pressing it upon the couYex tool, 
as before, till it has entirely covered the surface of the polish¬ 
ing tool; yon then plunge it into cold water, till the brass is 
quite cold. 

48. Ill order to know if your pitch is hard enough, you press 
the edge of the nail of your thumb upon it, and if it receives an 
impression, the pitch is not hard enough. 

49. You then proceed to prepare this polishing tool, for the 
last polish of your glass, by grinding this polishing tool upon 
the convex tool with pretty coarse emery, and a small quantity 
of water, in the common way that tools are ground one upon 
another; but this must be done only for a small space of time, 
and the polishing tool must have no other pressure than its 
own weight, for fear of some of the emery sticking in the 
pitch, and you must never allow the emery to grow dry. 
When you have ground the pitch, so as to be all over of the 
same colour, you then wash the pitch from all the emery with 
a brush and clean water: after this you take a bottle of water, 
and holding the pitch tool in a sloping position, you pour 
water out of the bottle so as to fall upon every part of its 
surface. 

50. You then place the polishing tool In a horizontal posi¬ 
tion, and you put upon it some putty, washed from all its gritty 
particles, but it need not be the finest washing, and you put 
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a good deal of water upon your polishiDg tool, mixing the 
putty and it together, and you polish yoar glass upon this pitch 
polisher in the common manner of polishing glasses. 

51« After you have polished your glass about ten minutes, 
yon again grind your polisher upon the convex tool with emery, 
as before, fur fear the pitch has, by working, lost any of its 
proper figure; and the oftener you do this, the truer will be 
the figure of your glass ; and in tliis manner yon proceed till 
the glass is quite polished. 

62. You then take your glass off its handle, by holding it 
before the fire, till it is so warm that you can slide the handle 
off the glass ; and whilst the glass is w'arm, yon take off as 
much of the pitch as you can with the sharp edge of a knife; 
you then lay the glass down to cool, and, when quite cold, yon 
drop some spirts of w ine upon it; and this, with a cloth, will 
wipe off the rest of the pitch. 

53. You then examine the centre of the surfaces of your 
glass ; and if it lies to one side of the centre of your glass, mark 
that place with a spot of ink, and then put on your handle as 
before, upon the side that is now polished, with its centre over 
the spot of ink, and grind your glass as before, till the circular 
remaining part of the glass to be ground is as much distant 
from the centre of the glass on the other side from the spot, 
as the spot was from the centre of your glass ; you then by 
heat return your handle to the centre of the glass, and proceed 
to grind and polish this side of the glass as before. 

54. The concave and convex tools should be ground with 
fine emery, after you have done one side of your glass; for the 
oftener these are ground together, you will he the more sure of 
having your figure true. 


ESSAY III. 

Method of Castings Orindingt and Polishing 
Mirrors Jor Telescopes. 

It is cniefly to the invention of telescopes that we owe all 
the late discoveries, and most of the present accuracy in astro- 
nomy. An invention which certainly, in its first original, was 
put in practice by an Englishman, Friar Bacon ; although its 
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first application to astronomical purposes, may be justly attri> 
bated to Galileo. The greatest improvement, which this 
invention has ever received, is indisputably and singly owing 
to Sir Isaac Newton; to whose extraordinary sagacity, and 
▼ery judicious experiments, the world first owes the discovery 
of the dilTerent refrangibility of the rays of light, and the 
insuperable difficulties arising from thence in perfecting any 
refracting telescope. This led him to the practice of making 
telescopes by reflection ; which having attempted with his own 
hands, he perfected some of six inches length about the year 
1670. Whosoever, therefore, would thoroughly understand the 
method of making these telescopes, will find it very proper, in 
the first place, to peruse, and thoroughly consider, the account 
which the celebrated author of this invention hath himself given 
of it in his writings ; which are to be met with in the philoso¬ 
phical Transactions, No. 80, 81, 82, 83, 88, 96, 97; and in 
his Treatise of Light and Colours, beginning at the 89th page 
of the English 8vo. edition. It will be necessary here, to note 
an error of the printer in this 89th page; where it is said, 
“that the apertures of the object-glasses, and the charges and 
magnifying powers, ought to be as the cubes of the square roots 
of the lengths of the telescopesthe word square is falsely 
printed ; it should be, as the cubes of the square-square roots 
of the lengths. 

55. As great an improvement as this was to telescopes, 1 
do not find that it was ever effectually prosecuted from that 
lime till about the year 1719 or 20; when a very ingenious 
gentleman, Mr. Hadley of Essex, attempted it, and succeeded 
very well in making two instruments of this kind, of about five 
feet three inches long; one of which he has been pleased to 
give to the Royal Society. A very particular and curious 
description of this instrument, and the apparatus for manag- 
.ng thereof, hath been given by Mr. Hadley, with a figure of 
it also, in the Philosophical Transactions for the months of 
March and April, 1723, No. 376. It will be necessary for 
any person that would attempt to make this instrument, to 
consider that account given by Mr. Hadley ; for altliough be 
gives therein no account of the manner of casting, grinding, 
and polishing the specula, yet as to the proportion and compo¬ 
sition of the difierent parts of the instruments, and of the 
apparatus for moving it, the reader will there find several use- 
fnl instructions. What is contained in the following papers, is 
also chiefly owing to the communicative genius of that gentle¬ 
man ; and had be ever given himself the trouble to reduce to writ- 
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ing what he koows. and hath practised in the above-mentioned 
particulars, as to the construction of this instrument, the fol¬ 
lowing account had been altogether unnecessary, t^n his 
encouragement and instructions, the Rev. Mr. James Bradley, 
Professor of Astronomy in Oxford, attempted the same about 
three years ago; and having succeeded pretty well, would pro¬ 
bably have perfected one of them, had he not been obliged sud¬ 
denly to remove from the place where he then dwelt, and been 
since diverted from it by other avocations. Soon after this, 
Mr. Bradley and 1 began our endeavours at Kew to perform 
the same, and our first attempt was to make them about twenty- 
six inches long. Notwithstanding Mr. Bradley’s former trials, 
and Mr. Hadley's frequent instructions, we were a long while 
before we could tolerably succeed. The first good one that we 
finished, was in May, 1724, of the aforesaid length of twenty- 
six inches. 1 have since made a pretty good one of about 
seven inches, and we are now about one of eight feet. 

56. The main drift of all our trials hath been, if possible, to 
reduce the method of making these instruments to some degree 
of certainty and ease: to the intent that the difficulty in making 
them, and the danger in miscarrying, might no longer discou¬ 
rage any workman from attempting the same for public sale ; 
which nobody but Mr. Hanksbee, in Crane-court, hath ever 
ventured upon. He hath made a good one of about 3^ feet, 
and is now about one of six feet, and another of twelve feet, 
and deserves very well to be encouraged, being the first person 
who hath attempted it without the assistance of a fortune which 
could well bear the disappointment. About the beginning of 
the last winter, being pretty well satisfied as to most of the 
circumstances in this performance, and being desirous that 
these instruments might become cheap and of public sale, we 
acquainted Mr. Scarlet, near St. Anne’s Church, and Mr. 
Heame, a mathematical instrument-maker, in Dogwell-court, 
White-Friars, with the whole process of the operation as we had 
practised the same; and they have since succeeded in making 
these instrnments. However, as they are not yet become so 
common, so cheap, and so universally made and used, as one 
W'onld wish an instrument of this nature to be, we have been 
encouraged to give this following account, for the general in¬ 
formation of all persons who would make the same for their own 
use or for sale. 

57. Having in the first place considered of what length one 
would propose the instrument to be. and consequently what 
diameter it will be necessary to give to the large speculum, for 
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which there are ample instmctions by Sir Isaac Newton’s table 
in the Pbilosopbicai Transactions aforesaid, allowing about an 
inch more than the aperture in the table for the false figure of 
the edges, which very often happens ; 1 say, having determined 
these things, take a long pole of fir, deal, ur any wood, of a 
little more than double the length of the instrument intended, 
and strike through each end of it two small steel points, and by 
one of them bang up the same against a wail perpendicularly; 
then take two pieces of thin plate brass well hammered, a little 
thicker than a sixpence ; these may be about an inch and a half 
broad, and let their length be in respect of the diameter of the 
speculum, as three to two; viz. if the speculum be eight inches 
diameter, these may be about twelve. Fix each of these strongly 
with rivets between two thin bits of wainscot, so that a little 
more than a quarter of an inch in the breadth, may stand out 
from between the boards. Then fix up their pieces horizon¬ 
tally against the wall under }our pole, and therewith, as with 
a beam compass, strike an arch upon each of them ; then 
file each of them with u smooth file to the arch struck, so as 
one may be a convex and the other a concave arch of the same 
circle. These brasses are the guages to keep the speculum, and 
the tools on which it is ground, always to the same sphere. 
And that they may be therefore perfectly true to each other, 
it is necessary to grind them with fine emery one against the 
other, laying them on a flat table for that purpose, and fixing 
one of them to the table. 

58. When the guages are perfectly true, let a piece of wood 
be turned about two-tenths of an inch broader than the intended 
speculum, and somewhat thicker, which it is best to cast in 
DO case less than two-tenths of an inch tliick, and for specula 
of six, eight, or ten, inches broad, this should be at least three 
or four tenths thick when finished.* This board being turned, 
take some common pewter, and mix with it about one-tenth of 
regulus of antimony, and with that wooden pattern cast oiie 
of this pewter, which will be considerably harder than com¬ 
mon pewter. Let this pewter pattern be truly turned in a lathe, 
and examined by means of the guages aforesaid, as a pattern 
for casting the specula themselves; and take care when it is 


* The netal of my reflecting telescope, made by that excellent workman 
Mr. Heame, in Dogwell Court, White Friars, by Fleet-street, is six inches broad, 
wad between six and seven tenths thick ; besides a brass plate soldered to its 
back, an inch and a half broad, with four holes in it to fix a short handle to it, 
mentioned in article 00, having also a socket in the middle, to screw in another 
liendle when finished. Its focal distance is five feet. 
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torned that it be at least oue-twentieth of an inch thicker, and 
about one-tenth of an inch broader than the speculum intended 
to be cast therefrom. 

59. The manner of making the moulds for casting is now 
to be explained, and will serve for a direction as well lor cast¬ 
ing this pew'ter pattern, as afterwards for easting thereby the 
speculum itself. The flasks had best be of iron, and must be 
at least two inches wider every way, than the speculum intended. 
In each flask there should be the thickness, at least, of one inch 
of sand. The casting sand which the common founders use 
from Higligate, will do as well us any; and any sand will do 
whidi is naturally mixed with a small proportion of clay, to 
make it stick. The sand should he as little wet as may be, and 
well beaten, but not too hard. The iugates should be cut so as 
to let the metal flow in, in four or live streams over the whole 
upper part of the mould ; otherwise, whatever pores happen in 
the metal, will not be so equally dispersed as they should be over 
the M'liule face of the metal; these pores generally falling near 
the ingate streams. Let the flasks dry in the sun for some 
hours, or near a very gentle tire, otherwise they will warp, and 
give the speculum, when cast, a wrong figure. For besides 
saving the tronble in grinding, it is best on many aucotints to 
have the speculum cast of a true figure ; and it is for this rea¬ 
son, that it is best to cast it from a hard pewter pattern, and 
not from a wooden one as founders usually cast. 

60. The next point that is to be considered is, the compo¬ 
sition or ingredients of the metal itself for the specula. As to 
this, it may be said in general, that any hard white metal that 
will take a polish, will do more or less well. We have made 
trials of above different mixtures, and found none of them 
entirely free from all faults. Three parts of copper, and one 
part and a quarter of tin, will make a very bard white metal, 
but it is very liable to be more porous than it should be, espe¬ 
cially if the metal be too much heated in melting. Six parts 
of good shruff brass* and one part of tin, will make a whiter 
and harder metal; bat the fame of the calamine stone in brass, 
leaves very often streaks of scabrous parts in the surface of the 
metal; which, if many, utterly spoil it. Take two parts of the 
f<Nrmer mixed metal of copper and tin, and one part of the 
latter brass and tin, this also will make a good metal; let the 
copper and the brass be first melted together, and keep them 
in fusion for half an hour or more; then clear the pot, and put 


• Plate-brans, cast and milled; the best comes from Hamburg. 
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ta the proper quantity of tin for both; which will instant y 
melt; stir it w^l aboat» and poor it off immediately. This 
mixture may be melted over and over again, in case of n^es- 
sity, provided always care be taken that the &re is not suffered 
to be too violent. A common bellows fnrnace has been found 
most convenient for governing the fire, and some metals have 
succeeded which have been cast by a common braSs-fouoder in 
their ordinary way of casting; the composition having been 
first made and melted together for the speculum, and ddivered 
to them pnly for casting. There bath been tried also another 
mixture, and another manner for casting, which succeeded better 
than any of the above-mentioned : it was copper, silver, regulus 
of antimony, tin, and arsenic; and the metal was cast in very 
hot moulds of brass ; but as this method is very expensive, and 
will never become common, it need be no further insisted upon 
in this place. 

61. The metal being duly cast, grind the surfa(;e of it quite 
bright upon a common grindstone; keeping it by means of 
your convex gauge as near to your intended figure as may be. 
When ail the outward surface, and all the sand-boles, and false 
parts, and inequalities are ground off, then provide a good thick 
stone; a common small grinding stone will do very well. Let its 
diameter be to the diameter of the speculum as six to five. With 
another coarse stone, and sharp sand or coarse emery, rub this 
stone till it fits the concave gauge ; and then with water and 
coarse emery at first, and afterwards with finer, rub your 
speculum upon this stone until it forms itself into a true portion 
of a sphere fitting your convex gauge. A different manner of 
moving the metal upon the stone, will incline it to form itself 
somewhat of a smallePor larger sphere. If it be struck round 
and round, after the manner of glass-grinders, the stone will 

. wear off at the outsides, and the metal will form itself into a 
portion of a less sphere. If it be struck across and across the 
middle, it will flat the stoned and become somewhat of a larger 
sphere. There should be used but very little emery at a time, 
and ofben^changed; otherwise the metal will always be of a 
smaller s'phere than the stone, and will hardly take a true figure, 
especially at the outside. For the better grinding the metal, 
it 18 necessary that this stone should be placed firm on a strong 
round board, fixed firmly on a post to the floor, as is usual with 
^lass-grinders, and the same table' or pillar will serve for the 
farther jmnding and polishing the speculum. 

62. When thn metal is cast and rough figured (which 
should be done with taking off as little of the surface of the 

34. VOL. II. ' T 
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inotal M is possible, becaose that crost seeiBS to be. genendW 
berder eed iwwre solid than the im^ parts,) the sides sAd bat^ 
of it sbeald be sniootbed aad ioisfa^; lest the doiog tlud 
afterward, should make the joelai cast, and spoil the dgure ef 

aforesaid. 

63. A round brass plate nnst 1 m cast of solScient breadth 
ahd thickness; (for a speculnai six inches dianeter 1 used a 
l^te eight or nine inches broad, and half anuinch thick.) Let 
one side be turned to the concavity yon design your speculum 
should have ; on the other side let it have such a Imndl^ fastened 
as may make it easily manageable. This handle should be as 
short as conveniently it can, and fixed to the plated back rather 
by some other manner than either by screwing it into a hole in 
the metal, or by a broad shoulder screwed against the baok of 
it, for fear of bending the plate. 

64. Have ready a round marble about one-eighth or one- 
tenth part bjoader than the brass plate, and an inch or inch 
and a quarter thick ; let this be cut by a stone-cutter to the same 
convexity on one side as the concavity of the plate ; and then 
grind it with the plate and emery till all the marks of the chisel 
are out. This marble is to be covered with pieces of the finest 
bine hone or whetstone, chasing those that are nearest ofa breadth 
and thickness, hut chiefly those that when wetted appear most 
even and uniform in their colour and grain. They are to be cut 
into square bits, and these, having each one side ground con¬ 
cave on the convex marble with emery or fine sand, are to be 
fixed cldle down on it with some tough and strong cement in the 
manner of a pavement, leaving a space of a small straw's breadth 
between each; their grain being likewise placed.in an alternate 
direction, as represented in fig. 12, plate LjkXXllI. 1 choose 
rather to disperse the squares that come ent of the same whet¬ 
stone to a dtstance from, <ma another, thmt to place them toga^ 
tber. They must tfaer be reduced to one common convex 
surface to fit the brass plate; and if the cement 
any-where between them, se as to come np even with their 
surface, it must be dug oat; and so from time to time, as often 
as the ^nes wear down to it. Upon these squai^ pieces 
whetstone, the last figure is to be given to the ^Mculnm. 

65. Besides these, there will be wanted for the last polish, 
either a very thick round glass jolate, (its diacaeter being about 
the middlq size between ^at ox tiie brass tool ai^ that af the 
speculum itself,) or if that cannot be proemredt ^ near hi^ 
an inch in thickness, 1 imagine a piece of tirue,blm?h.xniurblo, of 
the evenest |^o and freest from white yeip9W' thraads^ may 4» 
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in its stead. This glass or marble most be figured oa one side 
te the brass tool likewise, and is to serre for the finishing tbe 
polish of the speculum, when covered with saroenet, as shall be 
^ir€citeci» 

66. A smaller brass or^ metal plate, of the same coucayUg 
with the larger, will be useful, as well to help to rednoe the 
figure of the hones, whenever it appears to be too convex, as-^ 
serve for a brniser to rub down any gritty matter bappen|||| 
to be amongst your putty, before you put the speculum on 
polisher,, when you renew the powder. Any oi the speculums 
which prove bad in castiog will serve for this purpose. 

67. When all is thus fur ready, let the marble with the blue 
hones be fixed in such manner, ^at it may be often washed 
during your work, by throwing on it about one-eighth of a pint 
of water at a time, without inconvenience. Then place the 
brass tool on the hone pavement, and rub it backwards and 
forwards with almost a direct motion; yet carrying it by turns 
a little to the right and left, so as to go a little over the edges 
of the pavement every way, regularly turning the tool on its 
own axis, and also changing the direction of the stroke on the 
hones. This continue, keeping them always very wet, till 
you have got out all the rings remaining in the plate from the 
turning, and the blackness irom grinding the marble or glass 
in it: and towards the latter end often washing away the mud 


which comes from the whetstones. 

68. When this is done, lay the brass tool down, and in 
it grind again, with fine emery, the glass or marble designed 
for the last polisher, giving it as true a figure as you can ; in 
order to which you may observe the directions already given 
for grinding glasses; see art 19, &c. But give it no further 
polish. 

' 09. Chose a piece of fine sarcenet, as free from rows and 

great threads,^ you can. Bet it be three or four inches broader 
than the gl^iiAbMaarble; and turn down the edges of the sarce¬ 
net round tl^ sides of the gla^s, &c. and strain it by lacing it 
on the^baok side as tight and smooth as yon can, haying first 
cleared it of all wrinxles and folds with a 8mooth-4ron, and 
drawn out the knots and gouty threads. Then wet it all over 
as evenly as you can with a pretty strong solution of common 
pitch in spirit of wine ; and when the spirit is dried out repeat 
the same, and if any bobbles or blisters appear under the 
•arcenet, endeavoui to let them out with the point ef a needle. 
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pitch. A large painter’s pencil, made of sqnirrels* hair, if of 
use for the spreading this varnish equally on the silk, especially 
'when it begins*to be full. It must then he set by for some days, 
for the spirit to dry well out of it, and the pitch to harden, 
l||fore any thing more be done tq, it. If you do not care 
t#'’‘^#ak so long, the pitch may be melted into the silk without 
dfesolving it in spirits. In order to this, strain a second thin 
m over the first; but you need not be curious in the choice of 
iit And having heated edi together as hot as you think the silk 
or glass will safely bear, pour on it a little melted pitch (first 
strained through a rag) so much as you judge sufficient to fill 
both silks; it mast be kept hot some time till the pitch seems to 
have spread itself evenly all over. If you find you cannot get it to 
sink all into the upper silk, bnt it stands above it any-where, it is 
a sig^ there was too much pitch laid on, which should be 
taken away in those places while it remains liquid, with a hot 
rag pressed down on it. When all is cold again, strip off tho 
outward silk, and cut away the useless loose edges of the inward. 
To take off the superfluous pitch where it lies too thick, and 
reduce the whole to a regular surface, it must be rubbed in 
the brass tool with a little soap and water, till they are coloured 
of a pretty deep brown with the pitch : then whsh them away, 
and repeat the same with more soap and water, till the weaving 
of the silk appears every-where as equally as you can make it. 
As this work takes up some time, yon may expedite it by putting 
a few drops of spirits of wine to the soap and water, which 
will help them to dissolve and wear away the pitch something 
faster, till it comes towards a conclusion; and if there are any 
places where the pitch lies very thick, yon may scrape it away 
with a sharp knife. 

70. This polisher mast be carefully kspifrom all dust and 
grit, but particularly from emery and filings of bard metals ; 
and therefore should not be used in the place wl|mre the others 
come. After they have served a good while they^p more apt 
to sleek the metals than at firyt; to prevent which meir surfaces 
may be taken off by rubbing them with soap and water4n tho 
tool as before, and then striking tiiem once or twice over with 
tbe before-mentioned solution df pitch with a pencil, proceeding 
as before, only that you must not now put any spirit to your 
soap and water, nor will yon need to change tliem above once 
or twice. . 

71. Yon may now begin to give the figure to your specnlnm 
on tbe bones, rubbing it and the brass tool on them by tarns, 
till both are all over equally bright; having first fixed on to tbe 
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middle of the back of yonr specalam, a small and low handle 
with only pitch strained through a rag. For of all cements, that 
seems the last apt to bend the metals in sticking these handles, 
&c. on them. 

72. The polisher being fixed likewise in a proper manit# 
for yonr work, rub either the metal itself, or rather the before- 
mentioned bruiser, being first also figured on the hones, with a 
little putty washed very fine, and fair water; till it begin# tb 
show some polish. Then if yon find it takes the polish unequally, 
that is, more or less about the edges than in the middle, it is a 
si^n the brass tool and metal, &c. are more or less concave than 
to answer the convexity of the polisher; and must be reduced 
to the curvature of this, rather than to attempt an alteration in 
the figure of the polisher ; which would be a much more difficult 
as well as laborious work. If the speculum appears too flat, 
the larger brass tool must bo worked on the hones for some time, 
keeping its centre near their circumference, with a circular mo¬ 
tion ; but concluding for four or five minutes with such a motion 
as was before described.* Then figure the metal anew to the 
hones, and try it again on the polisher as before. If the metal 
be too concave^the surface of the hones may be flatted by rub¬ 
bing the smaller brass plate, or the before-mentioned ill-cast 
metal, on the middle of them ; with a direct but short stroke, so 
as but just to reach over their circumference with the edge of it. 
Then the larger brass is to be worked on them in the same 
manner; and last of all the metal to be polished. When you 
find the brass tool and hones, &c. answer the curvature of the 
polisher, you may then examine the truth of the figure of the 
speculum more strictly, to avoid the loss of time and labour in 
finishing its polish while the figure is imperfect. 

73. Place the speculum in a vertical posture on a tabic about 
three and a half or four feet from the floor, see fig. 13. On another 
table set a candle, whose flame should be about the level of the 
middle of thte speculum, and very near the centre of its con¬ 
cavity. About half an inch before the flame place a flat tin, 
or thin brass plate, about three inches broad, but four or five 
high, having several holes about the middle, of different shapes 
and sizes ; some of them a.s small as the point of the sharpest 
needle will make them, the biggest about the size of a large 
ihnstard seed : darken the room, and move this candle and plate 
about on the table, till the light from the brightest part of the 
flame, passing through some of the larger holes to the speculum. 


See article 67. 






14^ COMFBNDIVM OF PFACTIOAL INVINmNt. 


III. — C^makmg minvrt /or teleaeopoo. — TrM ^tiU/lgure. . 

13 reflected back so. as to form the images of these holes, Okis# 
withoat one of the side edges of that tbio plate. Those tergert 
images io this case will be visible, (althoogh the speculum have 
Qo other polish than what the bones give it,) when received on 
^4b}ck white card held close to that edge of the plate, if the 
DM^bf the card be either blacked or so shaded that the candle 
may not shine through it; and the eye be also s<»eened from 
candle’s direct light. If any diificulty happens indiscemo 
iugthein, the plate may be removed, and tto image of .the whole 
flame will be easily seen. Have ready an eye-glass whose fecal 
distance may be something greater than the double of tiiat of 
the eye-glass you intend for the iastrument when finished: 
you may try several at your discretion. Let this be supported 
by a small stand moveable on the table, and capable of raising 
and sinking it, as the height of the flame requires, and of 
turning it into any direction. By means of this stand, bring 
the eye-glass into such a position, that the light from some of 
the holes, after its reflection from the speculum, may be received 
perpendicularly on its surface; and that its distance from the 
speculum be such, that the reflected images of the boles may be 
seen distinctly through it, near the edge of the thin plate, by 
the light coming immediately from the speciiffum; guide the 
candle and thin plate with one hand, and the stand carrying 
the eye-glass with the other, till you have got them into such 
situation, that you see distinctly at the same time, through fiie 
eye-glass, the edge of the thin plate, and the image of one of 
the holes close to it. Measure the exact distance of the middle 
of the speculum from the thin plate directly against the flame, 
and also from the edge close to which you see the image of the 
bole. If these measures are the same, set it down as ue exact 
radius of concavity of your speculum, and .proper curvature for 
any that are to be polished on your poUiiiOT, ti^ugb that will 
allow some latitade f if the measures aforesaidg^ljirer^i take the 

cal figure of your metal by the distinctness with which y^ see 
the representations of the holes, with their raggedness, dusts, and 
small hairs sticking in them: and you will be able to judge of 
this more exactly, and likewise to discover the particalar defeofi 
of your speculum, by placing.the eye-glass so as to see one of 
the sipallest Boles in or near its axis; and then by turns shoving 
the eye-glass a very little forward towards the sj^ntum and 
gulling it awav from it by turns, letting the candle and platie 
iland still in ibo mean time. By this means you will observe 


m between them. * 

74. You will now also jndge of the perfectioa of the spheri- 
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in wfaat manner the light from the metal oomea to a point, to 
form tke images, and opens jsgain after it has past it. If the 
area of the light, just as it comes to or parts from the point, 
appears not round but oval, squarish, or tniangular, &c. it is 
a sign that the sections of the specular surface, through several 
diameters of it, have not the same curvature. If the light* 
just before it comes to a point, has a brighter circle rossni 
the cirenmference, and a greater darkness near the centre, thm 
after it has crossed and is parting again ; the surface is mdre 
curved towards the circumference, and flatter about the centre, 
like that of a prolate spheroid round the extremities of its axis: 
and the ill eflects of this figure will be more sensible when it 
comes to be used in the telescope. Bat if the Ught appears 
more ba2y and undefined near the edges, and brighter in the 
middle before its meeting than afterwards, the metal is then 
more curved at its centre, and less towards the circumference ; 
and if it be in a proper degree, may probably come near the 
true parabolic figure. But the skill to judge well of this, mus| 
be acquired by observation. 

75. In performing the foregoing examination, the image 
must be reflected back as near the hole itself as the eye’s ap” 
proaob to the candle will admit of; that the obliquity of the re* 
flection may not occasion any sensible errors; in order to which 
the eye should be screened from the caudle; and the glaring 
light which may disturb the observation, may be still more efiec- 
tually shut out, by placing a plate, with a small hole in it, in 
that focus of the eye-glass which is next the eye. In fig. 13, 
A is the speculum, fi the caudle and plate with the small holes, 
C the cell with the eye-glass and plate behind it. 

76. Instead of toe flame of the candle and plate with small 
boles, I sometimes make use of a piece of glass, thick stuck 
with globules qnickftilver, strained through a leather and let 
to faU on it in^l^^w; placing this glass near a window, and the 
specnlnm aljli 4iitailce on the side of the room, being itself and 
every thing abbut it as mncb in the dark as can be. The light 
of the window reflected from the globules of mercury, appear- 
iw as so many stars, serves instead of tbe small holes, with this 
advantage, that the reflectimi from the metal may be very near 
at right angles. 

If the figure of the metal appear not satisfactory, the 
hems must be worked with the brass tool and water for two or 
three 'minoteB with the motion, &c. first directed ;* then work 


• S^e article 67. 
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the metal on them aritfa tiie like motion, and snch lencth of iJbe 
etmhwWvei^ceivy the^edg^e^’oC it ‘ohotit ooe^aiittl'br eae« 
of its’ dSaineter'beyoadnhat'cd'' tlN» henetia^enifeiit eheh 
^nay^V'eavry^^t NkOwise by- tttnM to’tlie ri^t* and' left to’lritoot 
'ijHimmuim distafnce/ Oontiivtie this*abont bre lniniite8,»fiot pteas- 
‘MpAiile metal down to the hones with any more than own 
d|||iiig)ht, and observe that the oftener the mod is washed away, 
>4hWmote truly spherical the bgnre of the specOhim wiH gene- 
fallybe; hot 'the leaving a Kttle more of thiamtid cdi the atones 
has sometimes seemed to give the metal a parabolie hgnrei^ 1 
have likewise given it tl»e same by conclnding wfNi‘ a klhd of 
spiral motion of the centre of the metal, near the cirenmfefence 
of the hones, in the manner represented in bgi 14, for about 
half a minute. 

78. If after several trials, the metal appears to have always 
the same kind of defect, and answering to the same particular 
part of the metal, it is a sign of a diflerent hardness in its several 
parts, which will make it very didicult to bring that speculum 
to perfection. In working the tool or metals on the hones, there 
will often appear little spots in them, much blacker and harder 
than the rest; these must be dug out as fast as^ they appear. 

79. When the figure is to your mind, you may proceed to 
finish the polish on the sarcenet with very little putty, and that 
dilated with a great deal of water. Before you put the putty 
and water on it, observe, by holcUng it very oblwpiely between 
your eyes and the light, if it have any lists or stripes across it, 
which appear more glossy than the rest. If it be so, let the 
motion of the metal in polishing be directly athwart these lists 
and not along with them, nor ever circular.'' In other respects 
yon may observe the same direotioas as^ ware before given for 
its motion on ^the hones; not fiargwfting) aftnii eretf fifteen or 
twenty strokes, to tnroftan its axis abc^*on»-twditli or one- 
sixteeath of a ravolntion. Aa tiie polisher ^Awadbry* yoa will 
find the metal stick to it mere .and more-fililfi^ii mbich time 
it both polishes faster and with a better gloSs: only take care 
tiiat itgrows not so dry as for lira-metal to tiAe hold. , of Bke 
■arcenet and eat it np; or for the piiUdi and patly ta fixin iitde 
kaebs.heie and there on it; which if it-happen will preseatiy 
spoil the figure. As fast therefore as the sarcenet a^ai^ to be 
'gtoiaing d^ atany of its edges, temdi the place witntbelind of 
afeail^. dipt in mean water : yon maynse the same pUfty/at 
leoii^jiipl^^n llonr* M As often as |Foa>cbaage it,' wash tbn.old 
cle|#4g|rg^ bad mb ,tbe new ahent? first with your. thrui8er¥* to 
see jf 4iliehd>aiiy gri%>or gross particles in it, and mbftbem 
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away for fear of seratohipg the mcftat; tbea laying down tbe 
edge oi the j^oaloni a little way on tbe edge of tbe polisher, 
where it is well covered with water, slide it 09 to tbe middle, and 
then proceed. Tbe less putty you use sA a time, tbe slower the 
work will advance; but if you use too much, it will sfmil a little 
of tbe figure round tbe edges. It will not want any oonsiderabio 
force to press it down ; but if it be of five or six inches diameter, 
or more, it will be very laborious to go through the polish with¬ 
out some kind of machine. One, something like that described 
by Mr. Huygens, (see article 35,) may do very well; especially 
if there be added to it some contrivance to hinder the metal’s 
turning irregularly on its axis, and to give tbe workman a com¬ 
mand of it in regard to the lateral motion. 


ESSAY IV. 


Method oj Centring an Object-glass, 

80. A circular object-glass is said to be truly centred, when 
the centre of its circumference is situated in the axis of the glass, 
fig. 9, plate LXXXll, and to belli centred, when the centre of 
its'circumference lies beside the axis. Thus let d be the centre 
of the circumference of an object-glass ah c\ and suppose e to 
be the point where its axis cuts its upper surface. If the points 
d and e do not coincide, the glass is ill centred. Let af g be 
the greatest circle that cRn be described about the centre e, and 
by grinding away all the margin without this circle, the glass 
will become truly centred. Now the centre e, which lies in the 
axis of the glass, may be found by several methods, but 1 
prefer this that follows : 

81. Let a couple of short cylindrical tubes be turned in 
wood or brass, and let the convexity of the narrower be so 
e.Kactly fitted to the concavity of the wider, as just to turn 
round in it with ease but without waddling; and let the planes 
of the bases of the tabes be exactly perpendicular to their sides. 
Place the base of the narrower tube upon a smooth brass plate, 
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or & 'iroodftiif board Of an oqOal tl/ioltiite^^. and a|iy V^arp 
poiDte# tool» describe a* trnO o{i^}b*apob the'bofira roapf^ ibe 
o at tai atd ctrcnmference of tbe bbso*; abcf apoQ the centre of 
tMs oirole, to be found itbOtt the tobb is descfibe a 

larlier Oircle open the board. iThesO luro cirofes sboatd be So 
ptkiportioned, that the one ma^ besomedbat mater apdtbe other 
voiiietrhut smaller than any bf the glasses Intended to be cen¬ 
tred by them. Then bating cleared out all the isoOd within 
the inner circle, put the end of the tube into this 4n>le» and 
there fasted tt with gtne, so that the base of the tube may lie 
in the surface of the bomrd : then having fixed the wider tube 
very firmly'in a hole made in a window shatter, and having 
darkened the room, lay the glass to be centred upon the board 
fixed to the narrower tube; and having placed tlie centre of it 
as near as yon can guess over the centre of the hole, fix it to 
the board with two or three lumps of pitch, or soil cement, 
placed at its circnmfisrence. 'Hien pat the narrower tube into 
the wider as far as it can go, and fix np a smooth screen of 
white paper to receive the pictares of objects that lie before the 
window ; and when tlmy appear distinct upon the screen, let 
the inner tube be turned round abdat its axis; and if the centre 
of the glass happens to be io this axis, the picture will be 
perfectly at rOsl Upon tbe screen ; if not, every point of it will 
describe a circle. 'With a penci), mark the mghest and the 
lowest places of any bne circlb, described by some remarkabfe 
point in that part of the picture which appears most'distiOct; and 
when this point of the pidtUre h 'brOu^ght to tho highest marh, 
step the eircalar motion of tbe tntid^ 'artd keeping if lu ^hat 
position, depress the objec^-glOKs tm the pWht'ttforedjWd n^ls^ 
eXOctly in the WilddlW between tlie*t#0 marks. tOm‘ thb 

tube round agdib, and t|^ pOldt of the pidtuHT‘ttffl’eiffaer rest 
there Or Will desiMbe a'mnOh sitdMteir Oirclb tlHid;b^re, wtiich 
mast be reduced to a <|iliesoedf pMdf, bV r^jj^htlbg ’^‘i^me 
obeTatioh. Then 1 say the 'Oefitire (of'rwrdi^lci^O) of lijo i^ass 
Win ‘in th^e axis of thfelobei^yuld^l^ OOnk^henbe bb 
froWi the cirCdnd^epCv <if *tlm IhlrM ci6;Jer described 
a^^e bdhrd fixed to* it 7Vo^'t^lSk6nbe' a cii^otd nhOn thd 
10, aboht its Oetttfd df reftactibni lef k 'ldng' 
slender hrass plate ac b be bent square at e^dn 'et#,‘ ^av- 
the middle eqhal'in‘length td the’ dimeter 
thht wa4'dbibribed dpoh*^Uih‘Uoar4T 
and*fn%h eqhare*‘^odii ibi Iplgto filed so'w 
to'IdlNtl i piWin tb^eT middle bf pach.’ '*fhen*hfiViVig 

hdd it o#fc# tbeg!dit^;"a1oDg'hDy dfameter 'Of 'bircii 
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ad.bff ini||cj 9 tjWp hol^s.ili, U»e bo|ird.,toiree 0 ivei tbe pi4^>ft 4; 
and| ifind tbe centifp pf tuU circle. upoR. tbe. Iptig plate <; md 
With tbis ceptije p describe as large a cM^^* upcn 

tbe/gtas's upderneatb, ,w|tli a diajnoiidr|K»jR^ed ccmpass; .»nd 
grind awa|j all i|ie margin as far as tbis .cif^e/* a deep 
tocl for, grinding eje^glasses ; and then the glass will be ^uiy 
centre^. |f ,the,pitcn or cement be too. soft tp kcep .lbe glass 
from slipping, ishile the circle is describing,f it may be lixed 
firmer with wax or harder cement. 

82. To show the reason of this practice, fig. 11 represents 
a section of the object-glass k I m, of,the board a b, and of (be 
tnlies c d and h i, and of the window-shutter n o. Ipiugioo the 
|>laiie of this section, or of the scheme, to pass through,e, a 
point in the glass which keeps its place while the rest are turn¬ 
ing round it, hy Uie motion of the tube ; let it also pass through 
/, the centre of refraction in the glass, and cut an object in the 
line PQR; tlieii let a pencil of rays flowing I’ruin any point Q 
be collected to the focus q upon tlie screen .ST ; and the points 
Q I q will be in a straight line described by the axis, or prin¬ 
cipal ray, of the pencil. Draw Q ef cutting the screen in 
f; and while the tube is turning round, the line Q I q will 
describe a conical surface whose axis is the hxed Line Q e f; 
and djerefore the focus q or image ol’ the point Q will describe 
a circle q g x about f, to be found upon the screen by bisect¬ 
ing the interval q ^ betwixt the highest and lowest points of 
the circle. Now as f is the centre of this circle, so e is the 
centre of another circle descjribed hy 1; tfieTefore by depressing 
the glass k I along tfig,surface pf the bQurd.o b ,. till the image 
q falls upoq the mairb fn the point / will be depressed to a tlie 
centre pf motion, ahd dien it wjU be in the axis of the tube, 
and cou^eqaeptly equidistaut from, the circumference of ,tbe 
circle described upon the board a i?*,; and here it is nlain that 
the Image (jf, will,be,at rest in (fie paint/. 

It is not necessary to the accuracy of Ibe^praetice that 
the point Q should be in the axis of tire glasSi JPer in fig. 15, 
if the glass,KLM be turned about its,axis QJb ? the.image 
;> pf 'any collateral point P will remain pt rest; , because the 
peinls l*i^ are at rest, and the axis PDjp of the oblique pencil 
in W straight line. , , 

The chief advantage of having a glass well centred is 
this,, Uiat the rpys coming through any given hple or aperture 
whose centre coincides with the axis of the glass, will foi'm, a 
dis.tincter image,; than if tliatceulre lay beside Ihe axis ; because 
the aberrations of Uie rays from the geometrical focus of the 
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sfcrew, upon '^4id of tbe 'tube/ one may etaokloe .wh^fUN- 
i^ey be p\fe|ty wfell by fixing’ tlld tubo, Ond by ob^ervhi^« 
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THB ME&Ti COHPOBITIQN FOR TI|B-SPECULA OF 
^HBFUBOTINO TELESCOPES. 

86. ITke perfection of the metal of wliicb tlij^spcculum should 
be ti|ade»'^mdst$ in its hardness, wh4en<e8s, atiti compactness; 
ibr upo||^ these properties the reflective powers and durability 
of the speculum depend. And first of the hardness and white¬ 
ness of the metal. There are various compositions recom¬ 
mended in Essay Ill, all which have, however, their several 
defects. Three parts copper, and one part and one-fourth of 
tin will make, it is observed, a very hard white metal; but it is 
liable to be porous. This, however, is an imperfection which 
1 shall presently show the method of preventing:; but the per¬ 
manent fault of it, and which I have myself experienced, is, 
that it is not hard enough. The speculum of a reflecting tele¬ 
scope ungbt to have tiie utmost possible hardness, compatible 
with its being operated upon by the tool. 

87. It is to be observed, that ever so small a quantity of tin 
added to melted coj)per destroys its perfect malleability, and 
at the same'time produces a metal whiter and harder than cop¬ 
per. As the quantity of tin is increased, suppose to a Afth or 
fourth part, the metal becomes whiter, still harder, and conse¬ 
quently more friable. If the quantity of tin be further increased 
to a third of the whole composition, it will then have its utmost 
whiteness; but will be rendered at the same time so exceed¬ 
ingly hard and brittle, that the finest washed emery upon lead 
or brass will not cut it without breaking up its surface, and the 
common blue stones used in grinding the speculum will not 
touch it. Mr. lackson (sometime since dead) a mathematical 
jnstrumeht-maker, and a most excellent workman, told Hie, that 
the tin was increased to the above proportion in hisbietafs ; but 
fliat th^ were so exceeding hard, that it cost him tin infinite 

of oains, a journey of two hundred miles, to And out a 
stogie Qi sufficient hardness To Cut4t,"hnd %hosc 'ticx'ftiro at tlie 
same enough not tC i^ure (Is surface. I have 

•'^e^n several Cf his finished metals; mey wero'indeed perfectly 
bard and white; but the kind bf stone with w'bich he ground 
(hem he kept a secret. 

18. After many experiments with various proportions of tin 
and copper, by gradually increasing the former, I at last found 
(bat fourteen ounces and a half of grain-tin to two pounds of 
good Su'edisb copper, made a beautiful, M’liite, and very hard 
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metal; > 80 ilHdrd'iiHl*ed^^thftt 4b« Atones aKrtild bQt bareiyimi 
and irfi^hedii4ftiiilBryitoBibmas.i<Mrntin> last grind tb^ snrlcuid 
witboat^biteking^itaf i mliereaailidtiproparttoD «fttin bdiitg 
increased 'tbe^ .addition ef'ooly^afotber baU* ounce, >tbe 
tiniDeriiiootivenience iminedialely took places This therefore 
lillb'mimKdiiiiHSi m poiebof hor^ i 

,.8{k> Tbw'maehiof the two first«oBsideratioB8, tbebardness 
nod whiteness.of»tlie metal; the next^ and indeed ibe nmst 
essential,^ fMopert^ <k its coinpaetness, or its being ^itlsoat 
pores. ' '■■ I- " 

' 00.* : Thns eomposition (Ibongli complete in tbe former 
respects) was, as well ns the one just alluded to, (given in 
Essay. Ill)) subject every now and then to be porous; sooie- 
tkads, indeed; 1 sueceedeii in casting a single metul, perlmps 
two^iT'three, without tbk. imperfeutiun ; at other times; and 
RvoOt fre^eatly-indeed, they were attended with this defect, 
without 'tny hentg- at all able to form a probable eoojectore at 
the cause of my sacoess^or dkappoMitment. iThe pores *aere 
so very small, that they were not discoverable when the metal 
had received a good 11^and*figure upon the hones, nof till the 
last and highest palish bad been given; and then it frequently 
appeored'as if! dusted over with aklliunt of micruscopio pores, 
whidh were* exceedingly prc 9 adi*Bial in two respects ; for first, 
tl>ey hecanie in time a lodgment for a moistore whichitaruisbed, 
the surface; and secowdly;* on polishing die speoulnm, the putty 
ueoessftrily rounded' off the-edges of the pores, so as to spoil a 
gdeat part of the metal, by tbe loss of as much light and sharps 
ness in the knage as diere wtere defective points of reflection in 
the metal. ^ ; 

‘ '91. 'Besides the trouble a great nnmber of expmrkneMsin 
order to get'rid of this miscbief, and to ascertain the oaase 
to wbiclfitiwaS'Owing, there was this additional inconvnnieaoe 
attending it,* vis, that the *Auilt was not discovered, as wp 
observed before, till a great deal of trouble had been* taken ja 
grinding • and even pedishing tbe aetab’ * tbe dhole nf which was 
redderbd useless by tliemertifying discovery of this defeat; . 

* wfk extricated at’ last frem iMs dilficulty, and Wome 

ntedstiretiy ticcidewt. '-Halving -eneday made a great na mber nf j 
expevihknts) nod having - mmed: d«airB’all{ the good otqtper. 
1 had'^or cobid prbeure ; tboagh piisEsled and fatigued, yet>Bot^ 
caring to grredf bp, 1 recoUooted tiiat I had some metal ‘Wldeb 
wai reserve oat of cariosity; ‘ and was a part of one. of the? 
I>ell0 of'*St.' Andrew's wliiob * had been Te-castt < Bxpectiitg; 
bbwbver, Very little from this grots and uncertaiii Gompoaitiou, 
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Srw«i>Qererilieletti »deteriDine«l to fiee/VrhfttHeoald be made: of it 
bj>«nricMBg'ike-c^on^oaititin with fl little fjreeb tim Aecdrdn 
tnglyi oaetilkg a nleliit initk‘It, it laitaed ^tperfeoUy free from 
pdreif,' aud la ef'eiy reapect as iibe a nieliid as ever 1 saw. i . 

' cobid not atffirst conceive to vvbat this .success wsis 

owing ; but at last 1 bit upon the real cause of that defect, whkdt 
had'givdn tae ao muofa iMtbaiTassment and troalde during a 
coarse df near^ia hundred experiiBcnts, and'in consequent 
tbevciof*feii ttpon a method wbiob ever after prevented it. 

94. I had hitherto always melted the copper first, and when 
it was sufficiently fused, 1 used to add the proportional quantity 
of tin ; and as soon as die two were mixed, and the scoria 
taken off, the metal was poured into the moulds^ I began b 
consider that patty was calcined tin,• and Hoogly suspected, 
that the excessive heat which the copper necessarily undergoes 
before fusion, was sufficient to reduce part of the tin to this 
state ^ calcination, which therefore might fly off from Uie 
composition in‘the form of potty, .at the time the metal was 
poured into the flasks. 

iJ5;< Upon tills idea, after 1 had famished myself with seme 
more Swedish copper and grain-tua (both which l*had always 
before, used) 1 melted the copper, and having Added the tin as 
usual to it, cast the wholemtoandogot.: this was, as I expected, 
porous* > 1 then melted it again, and as in this mixed state it 
did not acquire half the ibeat which was before necessary to 
melt alene^ soitwas notsofficient to calcine the tin ; 

the speculum was then perieotly close,? and free from this fault; 
nor did 4 everaftev, ipi aisiuglo instance, meet, with theabover. 
mentioned imperfection. 

.'t OflL Is necessary, flierefore, to be doae to ptocure a 

a metai Which shall be ‘ white,' as • hard asi it csui. be wrought, 
and* perfectlyxOmpaeti'iis to; meit'itwo pounds; of* Swedisb 
ooppmv and when do meltedfto.add fdnrteen ounces^anda half 
of grain>tid to‘ having;-taken < cif the scoria, i to, cast 

it iutd an lDgot.Hnrrbiametal must lte>a second time.meUed, to 
cast die>tspeodlifoi; but as it wilt fuse tin ittet compound state 
w<ithia<smail heat, and (therefore willj.imi cklciue 4he fin-into 
p«tlyv<it uhould he poured off as aooiiks it lis melted, giving it 
no'yuore beat tlian iaahsndutely necessary. It is.to be o^erved, 
IfoweVer, thnt'ihe.’sbme metal, by frequent, melting, loses some-; 
tfifig^cft-ltailMadndsstiEtnd wliiteneSB : wbeuj this is tlie ca^, 
it ^becomes' niecessafy to efirids the metal by the addition of a 
little'tin^ perhaps in the - proportion; of half an oimw te a 
pouiidv'MAnd indeed when the metal is first made, if iastead 
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at^lBOBt a tuird more m cuaineier luan lue meiai waica is to 

t flu »iT'tiTijunti* ' n^ihtituT ^ • 7 

grottud,: ,aiiid for, ode of any size, not Ifss tuto an locp tliiok. 
It nidy be cemented upon a block of woox^ i^ or^er,to rai|>e it 





tlif n^aaner^reprp^qtcid 
'),grdo\eq, serve la 
iieUoof wil) cut a great 


ttiqn^lje meUiud 

,was’l*a.i % »!|“3H fl>e i-l>rf“e »,id, rough parte 

SWds‘*M«.l'y 

hand, fboflgb you did it as near the gaug;e,as pos^pl^« ^et tlie 
me^ 1^® ^9 of truth woeq appli,e^ bi, the 

Uii,,c^jn)j J4>l,;tlYttM’ Uyie’ 'foufj fe 8»vp,J byit, I, used 

to a^cypn^pn Jabourer ft^r this pnrPO$e^ who soon 

ac^QU^^d a ^exfefity,at wojrkipg upon this’tool,, that in 
twp jafMirs* time W would give aqietal of, four inches diameter 


so ^jt figure as even to jltfor toe hones. When 

^^and ,Me^* and ijrr^ulfiriiieq'pq the facp of the metal 


snjDoth ^d reSolarly 
le^bra^-grinde^, aujl 
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tlirAl^WBR OV PORMIN^ TH« BR^S^ItlKOiMG 1'OiOt;. 

•■*'.* 1 ' ' ' • , . • j , , I i ' I , , . . , , ! M , 

Th^ following'K tlic me^fcwl I luave always pur»u«<l; 
!^r|optire a roand stoat^iete of ihimborgii t>r«8s; at luoAta siadi 
pak’Ufg^r than the metat to bejiblfsliefl; and let It< he aoll 
hatbinai^^d into a degree of convexity (by the assistirnoa of the 
gauge) suitable to the intruded spet'uluiii. Having done'thist 
scrape and clean the concave side so thoroughly that it may 
be well tinned all over; then cast upon it, after it has been 
pressed a proper depth into the sand, Uiefcnriner coaipodtion 
of tin and lead, in such quantity, that it may (for a speculum 
of four inches diameter) be at least an inch and a half thick, 
and with a base considerably broader Chan the top, in order 
that it may stand firntly a|>on the bench in the manner hereafter 
to be described. This being done, it must be 6xed and turned 
in the lathe with great cure, and of such a convexity as exactly 
to suit the concave gauge, which we suppose already made. 
It will be necessary to be more careful in forming this than the 
former tool, and especially lliat no riugs be left from the turning; 
nor will the succeeding hone toot require so much exactness 
as any defects in turning, will, by a method hereafter men¬ 
tioned, he easily remedied ; but any inequality or want of Irelh 
in the brass tool will occasion a great deal of trouble before it 
can be ground out by the emery. This tool must have a hole 
(somewhat less tliao that in the metal to be worked uboii it) 
in the middle, quite through to the'bottom. Wlieh tids tool 
is hnisbed off in the lathe, its diameter should be oiie-eightfa 
wider in tbd Hiatal. 

' ' ' ' ^ ' , , . * IW ' 

HOW to POgM TUB BED OP HONES, OB THE THIRD 'itjiOt.. 

, ' . ‘ ' ; 1 . ' t 1 . »,J • i ; 

108. Having chosen the kind of hottes, and the best'toot’oC 
the sdn recommenced in Esirajr III/ they should be cemented in 
amali pieced, (id a kind of pavemdnt agreeiibly to direciioiis* tbe^ 
giVenl^hdtt a thick roilnd'piefee^of marble,' or metal biade'df 
lead aao tiri like the foi^nihr cbmphsltion (wlricb is what^IJiav^ 
always used) in such a manuilr, that the Ittfeadietweea^tlie 
stones may run straight from one side to the other; so that, 
placing the teeth of a fine saw in each of these divisions, they 
may be cleared from one end to (he other of the cement which 
rises between the stones. This bed of hones should bo at least 







CLASS11.-HPHIL080PH1GAI/ APPARATUS ANAJtTS.lS5 




a foarth part larger than the metal which is to be ground upon 
it. The surface of the metal upon which the hone pavement 
is to< bo cemeated, may at may not« as ^na plei^a, be turned of 
a convexity suitable to the gauge, though I have never taken 
that troRble.. . Aa socm as the bones are cen|en|ed dowji,, and 
the jointa scleaxed by the saWt this tool most be bxed in, the 
lathe, and tamed as exactly true to the gauge as, possible; 
wbicb done, it must be laid aside for the present The next 
tool to be made Is the bruiser. 


THB MANNBR OP FORMING TUB BRUISSR, THE FOURTH 

AND LAST TOOL. 

104. This tool should be likewise made of thick stout brass like 
the former, perfectly sound, about a quarter of an inch thick, 
and hammered as near to the gauge as possible,. It should be 
then scraped, cleaned, and tinned on the convex side, as the 
former tool was on the concave, and the same thickness of lead 
and tin cast upon it. The generid sliape of this should differ 
from the former; for as thajt im^eased in diameter at the bottom 
for the sake of standing firmly, so this should be only as broad 
at bottom as at top, as it is to be used occasionally in both 
those positions. When this tool is fixed in the l^he, and 
turned off concave to tlie convex gauge with great truth likewise, 
its diameter ought to be the middle sUe between the bones and 
the polisher. 

105; Havifig with the lathe roughly formed the convex brass- 
grinder, the bed of hones,, and the concave bruiser, the convex 
and concave brass tools, and the metal, must, be wrought alter¬ 
nately and reciprocally upon each other with fine emery and 
water, so as to keep them as nearly to the same figure as 
possible,.;in< order to which.some wasbpd ntocry mi^t. be 
procured. This is best done by putting it into a phial, which 
must half fHled with water and afell .?hakqn np. sftjthai, 
»us;itfauhs«des> the,coarsest may iaUl.tp the ^ttpnf first* ,aud the 
finest ijcapoain iat tboi top.: and k ntoery is laid, on 

ithe] tools# tbn best m!etbod;(wbm^w(4*^9u]!d ;^lso qb^ervb, with 
tbfii pfutlyf in . polishing) will bfiw. ta phaMi and 

itoup outtaeiiMill quantily tof thfidw:t>*d : . . 

)-, t’" ' t Mr* »i{H. (U>i rUxilr 
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OF CRINDINQ TUB 8PBCULVM, THB BRASS TOOL, TfIB 

. 

.. ^ 4,. * “ - ‘ ' ,n. . - - fi 

bed'll ^gHAdlftm^lyintlfe 

witii'’lke^4}FiiibeFJ«b|)dd N/«*«brkiii^Hbd'ldtt4lr ^Fdiji»WdW''#{*Ui‘ > 
stMcds^iumibtbdiisti' ^mi»' fitf <ditaHi«tW. nt oiiidfB i little^ 

ol4ia]rit< ««0 'iilk>rithlBit 'lbe^ bii%libi^'lbdy‘iibt‘ 
paM(|«bb«li<4liilf>4A’>ine^v aritbin <(be^> burgee of tlie''bi^sS''{b<yt^ 
eitborAra^t^biftivig'tbe^brmber Tuuiid^ti! a’lis eVdr; bidl doiibri ' 
sfrblt«9(€irtithBf«bb<>tDs.'^'Yod iii^«r lik^Mdse;; e¥eipy ndw kdyi* 
iiKF«M'dbift)fd«ir owd^posilioo,'by^iridkiiig >rt»lidd', and ' 

lit different aides of the brass tool; at times the strokes irtkbara 
Itd^oftrrkNl'fband and eoniid,^ tmtidot misdi dveP the iool'V^ii 
sliilrl;*tbe^iinu^b 0 diredt 6 d tn s^ibh way; and ‘the ‘whdbr 
iiig<>«af»dacled>dn ^tidh a<itiiahnef;''‘and ^itb eueb e^uauiiif^; 
lliiut<p»ei‘^<p»tfol' iA>ttvti^ tony-’vred#*eqdirtiy.' ' This'hdbil *4^* * 
giiivdiBgytah wdHiOs ithb^lbtiire ene’ of fialikbiiiig,’ itill'lie' iOiin 
i»c<|dirediJ Wheh^iod baie‘ wrobgbt Hvthis Riaiihei' Wbdat-'a' 
(|d«rteir •f'^aridibu/i'wilh tlie^htriiiBer dptia • the'loot j ’ it ’will‘‘ihi‘ ■ 
thbii bedesanry^tb'ebaBge^diieinii‘andjtpialeiag‘'tlibbrhUe^ bpdn 
iis^bothpib, to 4>ork‘’tl»et‘cb»vex tdol a||Mtr‘tkut* id 
luawii'eri-* I” y***'’**"' ' ' ■' *” '*’ *'■' 

>by‘eorkiiig*in»tbl8ib<piable‘iiRinner,' bltdriiefefi' 
wftb>tli€t^bivikei^M)d*liboI, aceaaiobaH^ addbig freab emetf^y,*' 
\fnriia«e wda#ly*gbt> end? eH the’vestiges* of the tarrtnlg'loobWd 
browelttUMemnlietjb noai«ly<tO-dffigttrb,«*fil‘wiil Ihert'be ftnre^of' 
giee»tl^ eilnclJdertiiito theimetei. ‘^'This ibioiit %e‘dtwie’brdd#' 
and dlien^g^ibdihgsti idpud^hO’brosA tMol<with'-(he sBiiib'biffd of 
omeiwyf thkiMg* #a»b, bowever, bt^ %wkiii|g -the t^ fonher^Wls 
fr«wi^ntiTtttge1hep/40'Wee(>’aU*diree ettbclly ihftheSa!iW0‘din4(*.»- 
Tii34b^‘Kieil>»f haaHielfoitiie iMelaltfo Trt«id««df<k«fd^ ‘d *j#lle** 
nidiw thaii double 4th 4hidkneMrj>aitd ootheA^liatieiedtrdtaMldtef, ^ 
«f~siidutftlff»epbaiidebreiflbtiJ»witbfl4 hole-fiF fh’e'^btfddie Tw*' 
reiMne^iel (daeaidtHi^ •-behesftiii^ at ii4i(le(* laeifer thhtt ’tbfll'dti * (did ^ 
m^al • this handle should be cement&fd^^da ^itb>^pitji^i 
uiie«f e^ ofvOfcis sieiffbt^ivHdt be<vihdiiiie)#ofr|ftbkt1bb 
mi0^lf«rt^i^Wil*^**®d:ia |(fiDMsvoiHbbiii^»tlie'bi|f^ 4f >llif 

linM, lifiBtbdiird odindi jiM^belowrlffilbr (li«>^iiibt(e didiit^edtfy’ 
ffdil Ibeihietdl fill tfb«(tiCHifls;‘ 
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. r",, '..'a:.:^','.'...' " ;,t' i:; 

,' JE ii fft ; 4kejligmi».\ 

* 

liltviofsinl^fijigbts aitok* ofdMrdoiibitiiis , 

AliliUlf'>4t8fkQ«l} liMBiqfl^nriiidkw;«)ftiind 
lOt to«»idintl8lM8»frii tbo «i«tal^' 
mklttlookii^ .^UlkiBelyffMatsf saKaoo^rliii^tii^itfB^ ito iiUcit, 

dotoltb^ >graiii last 

Ifoa# atfMQii fMKft^Q&'ydBRioyf ftoiiod ductr 
tiMi mtotaki'i S’lMsIisiflstofctaiBA^oBf of aitmiljft spheiwii^ 
M(>ti»e«^ero 8 Q 'fadfidiffioalt melMl diMorikM iit BasaytlU ? 
fot «i tberf<HtB0tJili% sectoria.tlie>«i«tal oir.ttt 
the lioiifkt this glare is<B oertaio«|miiof lef >a fieifeet oontaot in 
eveury past of «tfi0 two t surfaced wbiob Ibenoiledaid aottbe^f tlra 
spheresi were not both peifett^ aad; precisely;the Aamei i > > 

> 114j Indeed thei»1s’one accidental <rincaiiiatfetcewhioh neces- 
Aaril^ afforide it» aid m this said erery bttffiiicas of tJhO like sort ; 
andrtlMittsvihat aeoooave)Bnd convex suctace<g?roiind together, 
thoogb ever so irregnlar at firsts wiill (if tlio . working .be aeiierai 
and proper, consisting^ espectaJly at dash >of cross etrokes in 
eeery possible > direction'/across the diametef). be formed: ulto 
p<ntiona<of true and: equal' spheres; had it^not;,been.fee. tins 
lucky necessity, it iroald have been imqiossiblc to.have proiiuoed 
thaticorrectness w^ch is essential in the . speedhtm of .a good 
reflecting telescope , by any mechaatc .oontlivnnQe whatever. 
Forwhen it is considered,'that tbe<mmnr8 ki reflection ore .fear 
timqs as great as m refraction, nnd^tbat'the: least'detect, in 
fig^fo is. raagaified by the powers of tbe iastrinnent, any thing 
shovt«of iperfection tB*tlieifignre' of the,epeoaioin would bOievi-* 
dently perceived by a want of distinctness in tbe perfocmance^ 

: lil^* L^mnst not^ however, quit > this, anti de witboUtoteerv- 
ingy^that I all along suppose, ^tb tin forming the tools !and at 
last ifigoringi Ike metal,' (and indeed ibe same .mast be observed' 
in/the future pr^ric^S/of polishing,) tbatsio jkind of prassune is: 
oshd that may endanger the imndiag= or Jrregalarlyi gidqdiog of 
thdra^ >they sboald ttbm’efure be. held, with a; /hand,! and 
tensely;between tee:flngcf8, tand the<aioiion giv^.phoald ba in 
a horiaontaldweetteo,: with no alom.premnire teaa their;own 
deadsiweightv 'My *j'' -' '* 1 ! ■ f'f’ ^ 

/*uiUfte>llaiviag.imw>finisbea?ibeipebilCoortbe benesianid nenr 
dared it both/ in/ point of figure, andtaafface fit for.tbaleet »ad 
inhsh.aHeiitial>procete, iria. teat nf./{H)|bbing,,lifwiU.'dasoribelt 
ialJtbe >bhft<‘amnner:iloail$; thengh many JitUe oirounistancas 
fteicb will be anaroidably: oinittei 4^^ wbifdi at the sasaeHtiiRf 
arefreqaently essedtiai to tbe auccess.of. a meohanio pra0esB«> 
oanonlytee supplidd by mutual experience. . , « < 
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CLASS tf 'Afrb a 



ggiijjKssys 




il«k#rtd<S*a«^^ WlljbC'*' Al^^tor<fib^lJ<>ll #b%bM4re 




^fer'tfrtn a fetteHkttorb’; Hrithlbg* dl^i:i ;ex- 

tobded t^b«*'fe:■Ilie^bddf;''a^’^dfyse^ridkttl^^ tbe 


tif tlie t^WI rs ii s 

tidjtbfra no nVte-i^aM' 'at' till'diStbllde 


‘g^'eilt/'ulnd tb^bd^ing- 
nr its (rvm %dAFiooiftli 


“ to- ‘j<rd^'t)f* tbe* perttdt fl'^dYe* lyf'lhd'ttietbl ’by ‘tlie/'ibilrpbess 
ottd diitibdtridb^ J#llb '^bidb tbfe frtiSfce appeaw.' eocb it ‘is 
‘vti^t'atideii^,'tHaf M iii^'bbjdcf'AWd llMbg<a’nre bdtb dist^t ftbm 
11^ nibta|5% ieicaCltiy its rbdhlS.^'frdtbidg bdt ti tttdy Spherical 
figfube^bf tb¥’ ^ecuUltn dbh prd^bei a' sharp 'dlsfiudt hnOge ; 
‘ftird itba^e'c^ld out’bd (Witiadt if ItHe jBgoire oflbe 

apeetrfbfd \»ei*e ptiHibblhs. < i{t)n8eipii^t<y;#tbe'satiie/spdcot0m 
'*iised‘ hi’tt 'iyb«tobpe'wdi<e*b> ‘rbcehtf pambei *i*ayB,''tb<efe wotfld 
' b<Hb^*An*lly be'a! ’eeo'AideftAde'ttbeitai^b ‘pmdoiDed, imd aoehse- 
koperfeetiew b*^ the Ibagb.'' Accordingly, iberd iibver 
tde^ope’tnddb do thSb'lnrt^bef'; for if' the nobber 
•ef' dfegrO^Siror<^lie pOHiwf'JOf’•tbe'Spberfe''or Wbieb tb® gCeat 
*fi4ttil>ie*‘n’|piilrti af^erb'as’ooosiddfable a^^if’obgbt to-'bei ©♦'‘as 
ft^at<a9*Mfr.Slbi#t’aUtit#0d in'hib'IOetaii^'^ IhstrbitieM'ibtdd 
t>eAt>lttrt!a Veiry<*loW dbai^bi''iiolfeSA d'gCSat^^fflrtief'tbb*bifcisnii- 
ilbrehd^ of were cirt«*off dfy''bo‘ Atot«ro;* btt^‘“ilie 

<W sfiycis'of'tbe'^abekratiob by ^baf Otkailb lAOtiisOre 

tWR ISOidifn^rir'fil fitaiibed iiieta:l> tiiwted 'Odt‘^?tbbb^ this defect, 
>biO|i*fdtfOd >pei<asct)/8bfts^aiiid^*disiiiie<i> it most haVe 
ibefttiiiobHo'^td^’aA afC^idefrtai'tparmffHd' te^ddndy; ifd ways ibe 
>wttift«IO’eittlttif’^e pvoceas.ttodthetofMHs iGpiitetMMdipeetdd, eod 

ifb 'b]inir;J^i^i}|r^laiKibg^;*'tliC^^fot^;’'<iit''^^iBcaUy^ the 
tfttNStid g:ivihg*<th« hpeeiilbitf'^e 

correctness and the kind of figirre’ esitewtiilly oecessaty’tb^ a 
8(5. VOL. II. Y 
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il*^iftjl[iidiil^i(sW, to dlit^rte, iWthe pitch 


Slid i^IttopA, nbi" too soft; if the 
former, it will be so otimcttdile as dott6 #bi%i and if too 
^di^kSh^ fdtor its^^oi^filsfeir tfaadW W^, and 
^ tilb tdhdi^^fititsidf fcl tlto‘hi^j|fflmit5'^ of fts' dgtir^j if it hirve any. 
^mto^Mlh todls^^r^’- pbnec% ^^bld, 'I ‘the ^ihther a 
^^l^tld'^^Citmtif/'attd titodlblied tob brhiser to toe block‘With its 
’Abe<’ddiil'aifdir;* Shd (hatfd^ Witti k lar^ ^Oambl-bair brush 
n)^a#wVer Hbk face oHlib polisher a' fittle wwtCr and soap, to 
^ pf^dhf'atfbfcihg!)' ’k^ito' HborV stt4ii(ht,' add rddnd strokes, T 
b^Orltod'lt'i^kii tfab bi^tiiser; dvCiry now add then addidg a little 
^Oi^ ' %atoir and sbap, till tb^' pitbh Wpon tod polisher had a 
‘toto’^dfikOO; bnd’the trrie fOnh of liie brnfser ^ and this I con- 
'IftoVed 'to do till the|y Both grew perfectly cbM tbgether: in this 
^inktlttof toe ^ptdfsbbr was peHedtIy fbrkied iti aboiit a qaarter of 
‘dd h^re a 'difficnlty Aikse ':‘ 'Wheii 1'beltin'to'polish 

IhOtdetkl^'^lbtlkid that tbd edge bf tb^r hole'in the metal bolfected 
^the pitcb^’foWkrds'toehliddie’-bf thk p'disher'if and itbongh in 
^thid i^toodbf'wkrkibg'T ebbld'giyk bn el'qbidito^pOlisbi as the 
Irdgbd' iisdlf fii’ thb jiifch eke^dlilgty kbll, yet tlto figure 
Of'todtoetof Wi^ Itdaired'to'toe middle, ,nor did’ indeed the 
^Wfitrik'gb’Wito’ Uhat’et^hbklli^ which is the, itisepatoble 'attend¬ 
ant btf to'^obd figiitei ’ In order to ti^vtote this ‘ difficulty, I 
db^kbnikmjetolS'‘'#ftb k edhtitiued fade, ^ the holes hot going 


:SnH7.T.T5! 




bf "^j^W^dtlbd'l; w4fbh*l Uttiributed^tb^an''alteration of the figure 
fromtoe irdtooVkl nreVen ^tbat sAskll' pOtHOh^ of'mktaltofter the 
sbecniitia befek finished. I^his'l do Su^j^ae wi^ in some 
mehiti^'tbe^^asbn'^iy l'spcliled' a Very'distinct and perfect 
twb-fbdt inetoif, dfhith^bot^e a chafgkdftwOtfandred times, only 
hy^e^^itfk^ the sharp'part or tbe^edge of bofe^ because 
FtobISjghIrft'houndea tW fikld f sd‘eiraebtikily neoetoary is an 
^C<3^i4ctoess' 'Of 'fii^ure4a<toe apedutom if w perfect 
TOfieefiik,’'-''’ V' ' “' '*•' ' ■ 

^'ik^experiinetdho^toccekding, ins^edd of casting toe 
mjfetof %ito6bl k hole, I madk bbb tidlie through toe middle df 
tow‘fibWiheri* 4' little ‘lees‘toao 'ti^at to toe sneculum; This 










cv«# t ^miceft i9 find tliat n inetfL,jf 
polisber^ touk tfic poli*k equally all over. 


and c&u¥ei|m?i»llTy 
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;5fi5;»=s=Rm?F?= 


thfi wholehasineMnot take up above ten minutes; doder 

mvsdfiwitb' 

tfadl^il&^^^iof^nbjia^f <dlt*)daiit ^dimfiifell’Se de «he^‘ 


uoiuviuu ji. a9 picivuwai wirautfumiw* * «'» i 

mill’^a wumlM^p df 
su’ifc)^)lidg; f dt dl^dovered a <^iinia way of 

a b^ei^ rayikbdiid (}dui4; dnd dd dtfjoi^ite'pdlisbiat tbe Bamo 
tim'ei‘^‘,TOTsJ d'bidU^f^dVd "^ong* ^idttsbtis'Id l^iev^ 
8fadfilVd>dilhbiiyT'W!ll nddr wJctibdiki as ibw< words aa i can. ' 

','.j.' '!‘/JiM*»(; v.'i'U Ji 1 («,,f t,i • < ■' , ,. ■ . ^ . ... 

' h’6 # fo-'i^ofctstk l^if'fepEOUlitJM'. •■■' ■' 

. i ' Z ' « f! f' n>J >1 ( ^ I ' ) ( 'ir ’,'> ( ,*1 ;<!>,■.■ ,, , 

“^127.' ft 5 i ftidt i!i^ 6 ^lary'tO|obserVe, that, in orders to avoid 

Uid deti'l^^tdl intrui^idhd-'of ady'particles iQ^'eoiteay v il woidd ; 
not be td '"polish id'tbd‘ saine^rdoid^ whete 'dm metai'^und' 
iubl^ were dirbdnd, hdr ih itie ^uie doflms wbiebwvre^wovti in 
tb '4 fbriil;et ]prd^d$s; at ifedst^lt Would be necessary to keep^tbe 
bi^n 61 i[qtd^'Wet, 'to'|ddVeei ahy dust#cWijrising’.*> ’ ‘ 

*'jS^. ffiiVibk'tl!reii~’'dihde'*he polisberby'OoatiWff tbe -brass 
coufex'tbot |4]uhHy Wltb jiifWbf whibh we 'Sttp|M»e daiootbed 
Hna'trnfsUbp‘’W{m;tbe brass tutilln tbe'imniner'before described, 
udd 'W^^ is^d Vbfy easy probesit, the Whole* operation ia begun 
uud't^sbed ib'^b^ftilloWitlginanuert -^ - i 
-t = 1 ^ 29 : '^Pbeldblded weight orhandle wpdb tfaeback’of the nietol 
snoOTd 'be;diVidbd Ikitd'e^g^bt parts, by sb'many deep strokes*of a 
giaV^bi^'dpbd the tipper KOtthce Of <iiieiead;>ma^kiiig'eaeb stroke 
With, the nythbeis t. <2; 3' W,‘ andlso od, fbdt^tumaof>the4ae> 
t)U !ti‘ mH Mnd'niihW b4 knownie beWnifonW-and i 

‘\‘.’lS6r 'Tb prevent Wdy ’dtlscbierfrobi edams* pnrtielesof buttv, 
Wash ^t* feiifhiedlp^ly befdrW bsingl^i^ti order tO'f*-*“ 
pm'|4Wdbf hdlf kh et/hpe' Of pdtty Intb 'an* dunee ^ phial, ‘am 
it iwi^Mfdb^ wit^ wktetlhen‘%awibg< kbaked Ibe'whole, 

(iij^ pikij/ WhVside, ^and etop ^tHd' bottle a ooriK" 

! aii^le Water; there should he a lbll^ 

siked'^Anief-bhif bim^V’aiad R'^pieoe* oP drv deua soap In-a 

Of dpewge wiH s^sb be necessaryw 
^dse, weH'dk'tte-ipetkl; Inriiiser; add poUsber,- • shbold’be 

Hf)it: .: ■ ■ ' ' 


and -fill 
let 


' j.K , ' r 










w I w V f 


* o rr 


iflIkidriMN <#»g^ jMB,^*iliid' > bH > tt* j i|if«l ‘ Mwtttli 

tji^M ^B% III >tiM 

pmM MrHlDe'^ibWBitBd tkiM lufid 


„w„^ m ikm^mr^^WAgBi^ 4id>«iol»<^iiild 

09m f0r<^*pbtt¥< in 

yy ^It will 


__ d(d^liaridMb^«ii<«&^4poij^«llk#tf^ 

dPdiHiy 


tyitw^ptdifAr iliHiM]y#«itiyyi<fe 
















CLASS ^|«Pfi|tfMliPtTS.lMlf 



fK«|i|«kfili fMHb amffymffiAe 

4«ti0M w^l tilpd fcmilii **w ’^ni;^d daind 

^^llfa,irf|i«is^ Ir«id4 

wi#nkMig4tiW 9f}mitf)0kimd}f^iipH^ 
t}fi»gi#4«l4l3i?<l*t«9redfor..the snd^stpiaig^^foip^^^ij^^pp^iipg 

*P«ttyi iiiMlvg0»tly #i|lAi^ 

|>ftiis^jMyai»..pIm«9 tii« th^ tp<^» jan4i§iler,.B 

^,<pr,wsi^.w44>)pck'' 

«$fir4<opd lMp|'>wit|i 

Mvinf ^t{iRiedilh9i«iMal l«B*Heigb1^{WWH*TWll^W 

llBBdf|,«|iiMiiflKiog>!l9oi<0di^Aaii^f SB nif|0^»WQ4rfthp,^«^ 
(which must be remembered Uvepiiifheitt^t ij9h(4^)P?19P9^ yo|> 
gj>.f9^,^il};irith.« 8trcikQ*«r. t«qirc)itnd« ,^,l#a4 arwj<!nl3?;il the 
«rpss>9tmkes„;wdiiqh .are,^ow,to!h«nprMiclpa|%„^fedj,aDd ifiUi 
mqrpjb(4i|nQSs.ji «Arter4hi« hqsrbfeBidquf aws» tiipp,,tfjo,»ota| 
a[AU J»egiB to moffetati|fflyi!afirthe (iiOloapiow in^P^PSOf* ?o4 the 
sfieQidmnitpeliihesjryery *heaju4af«tly «fi4i Wt«i(«^nwe 
snrfape^QfMlIie ^ishiogitnol >wi4 ha equaUy^(COij^rBdfQ?fW,t^iiM» 
afinameiaMie mwize. t Thai tool ^ffyegroownnufft^apt 
0a4»eiKio^4ry4;a single viXMid sthoke^inveftoh W;|y,eqrrstat*ons 
iimi4.onnQg8iofivthe metsInwiHohe ftaffiei€siti(f|U¥lj^{rest<;?pa«t 
^i jbfifrPressi oae%iibru.ire *#ier sompletii^gvit »}ar 4g0j^0* 
Himmmh »ef^/he f»iyidilifeol*j.fe«ilN9> peli^ 

Hk^.finmo^ hMneasliig; veriyffjwt,({<hjahos^%^f^th%a|4#*iifM 
%09ei»Deairiy otan^aodr .< As^wattai'iraw^iPwifiH* ite#«*fspo 

C hmntUft vend* then eieeoed j MitMiHeeeiefdliiaiMpy 4f^ 
Ibeihleeh sto9rwhMit«eil(ee)ia iupen4t(«i eo4i(tka^po]^s^ 
likewise from the same metfer.Mth pieqftpCnwtepjWgOi 
wUt^ue w >he" able i to Jddigp of^ the »|nkfBRipa|4gure 
oC.tkOieaalidtendi toeh* uihflu,rthereje*e per/dotv^qipi^atidoof^ 
hMveep ibe«uri^w«hy4M/ipe<ei|ei^le.4ee|,tikei;f 
e#i«h^(is tsKfdlyifreerfffom^IsJorkSr&ednilkaiiai^#^ ifeyiog 
pTeeseded 4lm4^far« you tpeyth4a%«re 
ioChtM >in«tajl hiy.Md arose.seU-olj#^, -the 

dMe^iopeiftC ^eadhiof 4ha.ejgbl;|4iapaat||w,fltayoi^(^^ 
«tj|p%#eilie,ilima>v i4mi:inast M #W%»»/o^nj^dt*»ght< ftp 
jtkiejwi. ^ (lie r^Bocegs ,pefticataslp):;, tq (h^. .sofoeiaWe4, that 
ttit¥OftfjpeiiPAt 4he*tool 'to di^vyoPi ne^Y0r ,he 

ah«%i viithallrr^QHr loiae*>to;a9pare1atba^ the«peetaj#^t,ihr 
<^deat9^ti%4harpoliisho(:l^<heatft > 
fi jf^9fj4i)rhaifmotai .M»rOOW .ef!t>fBaet?fu|.}psdi*h(W4 
epherM %<ure^,hut tfiJA %.pp.maan9»awate-ai#hlirPi4*alw# 








.i^.Vi ^ . >» K«»:,J J« I .! » .... tins »ttj.i- 'll, H~' ' • . ' ' i' 
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■ Hdterliftk lo l^te ib^ tbe Uist^^dibl^ing 

ii dlcbe^by .* f<iw itroki^s. it itaiikt W paracul^w 
mHirls^*ltat bf fbd 'metiil ra^nd r<dbiid,^ jthp 

bjf tfii)i‘tnetti!ii g^viog !|k%tt f bsM*8 
w Um «BSIidl6t^«ii#ai a Mgk^ mky ti^ind j|c^^ 

buiic by evening tbe extrmes gradually from wiUiiu obiwartfs, 
80 it may be equally well done by increasing the curvature in 
tbe middle, in a certain ratio, from without inwards. 

19^ Stt^lkosbig' tben fhe^btal to be bow truly spherical, 
stop the bole in the pobsber, by forcingacock intp it qadwnfatb. 
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Enas V,-^3bidge*g wtati gf makwg m&mrgfifr tetg»e»pe$.—F^ir^^ thk mtidi 

exactly iQt ui^tO 'ih^ tolie/ aild 'sO lifroad bs that the I^Wf^ddge 
just ' touch the obiWard ciVuhittfereiice df the -.i^ktdle 
a^.ol^ piece, tt would he couvetiieht tb have these ^tW^ast 
pi^es.so fixed to au axis'tlidi tbey^ihay be y>ut fti th^pplahesi 
or j^euioved from theocb sp easily as not tb diSfdaoe or shake 
the instrument. All these pieCeS therefore to^^etber'will cow^ 
pietety shut up the mouth of, the telescope;* * 

144. liot the round piece which cbvers the centre of the 
metah or Uiat which has no hole in it, be removed; fuad^ iiy 
a.nice adjustment of the screw, let the image (which is noU^ 
formed by the centre of the mirror) be mime as diarp and 
distinct us possible. This being done, bvery thing else remain^ 
ing pt re^t, replace the central piece, and remove the oub^ide 
annular oiie, by which means the circutnl'erence Only of the 
speculum will be exposed, and the image now formed will be 
froin Uierays reflected from the outside of the metal. If there 
he no occasion to move the screw and little inetal, and die two 
images formed by these two portions of the metal 1>e perfectly 
sharp abd equally distiuct, the speculhm is pm'fect, and of 
the true parauulic Curve { or at least the' errors of the great and 
little speculqm, ff there be any, are corrected by each other. ‘ 

145. If,, on the contrary, finder the last circumstance, the 
iipiage ri;om the outside of the metal should not be distiaet, and 
it siniuld l>ecome necessary, in Order to make it so, that the little 
sppci^um be brought nearer, it is plain that the metal is not yet 
bscouglif ,tp the parabbllp %crc i but if, on the other hand, in 
order to procure distinctness, you be obliged to remove the little 
apecuium farther ofl*, then the figure of the great spectiinm has 
been parried beyond the parabolic, and has assumed a hyperbaltc 
iuim. When .thq lattpr is the casp, tbe ciVeuli^ figure oi tiie 
metal must be recovered (after having fixed cm the, handle 
with soft pitch) by bold cross strokes upon tbe poHiUier, finishing 
it again in the manner above-described. If the spepuhim be not 
brought ta the parabolic fotm, it must cautiotisly have e few 

.USPre round strokes nppn thepollsber; indeed ii very few of them, 

^ jn^tfte i^ nner befpredfi8Cribed,iiiaktiio <^ffeotfi gprealerdifioieitce 
iu, tlfC fPUPaiPP* fbaii would be at first imaginedi 4f ametal.of 
U^ trdV. figure were to hie triad* in the abovh^nmatfaHfed 

yn ^e telpscope (which I have frequently dmiel<ilhc 
t di|rqrcu 9 f|OX the foci fifthe tiVo segments t/f the metal would be 
.UP coWd^^ii^o, as t^ rcqfiiretWdorthreelfirns^bf the sefew to 
£miat}t mem; so very great is l!he aberration'Of aebtVeeioid ifig^re 
i^lfielppuluifc «^d so improper to proScure tUpt vdiarpnessw^d 
pret'ilon so nwessafy to fi good rafleptitig lelOicope. 





CLASS II.~tI^ 1L06QFB1CAL APPARATUS AND FINIi ARTS. 17| 
Rmw^ Vv^9hu(gftt moje mkror$/or'Uteteopes.—Figun 

r |JL46*<^Xbi9|isl>y no,iii^qs tbecase witb .tbe .object-^|a^s of 
rRfiM^jlprg;;: fqr beaitUg tliey in ibct never so distinct 
»« w«U»fiaisbed rAfiectorii, the npertar^sof them are so esccded- 
ingiy angalj^tcanipared tQ the latter, and tbe namber of de^ens 
employed #p vexy small, that the inconvenience of a spherical 
dgure iSrDot so inacb perceived. Accordingwe observe in 
the generality of reflectors (whose specula, unless by accident, 
ate always spherical) that tbe only true rays which form tbe 
distinct image arise from the middle of the metal: and unless 
the defect be remedied by a considerable aperture, which 
destroys much light, tbe false reflection from the inside of the 
metal produces a greyish kind of haziness, which is never seen 
ia Mr. Short’s, or indeed in any good telescopes. 

147. Supposing that the two foci of tbe different parts of 
the metal perfectly coincide, and that by tbe union of them 
when the apertures are removed, the telescope shews the objects 
very sliarp and distinct, you aro not, however, even then to con¬ 
clude that the instrument is not capable of farther improvement; 
for you will perceive a sensible difference in the sharpness of 
the image, under difierent positions of the great speculum with 
respect to the little one* by turning round the great metal in its 
cell, and opposing different parts it to diflerent parts of the 
ItUle metal, correcting by this means tbe error of one by the 
other. TbK attempt should be persevered in for soiRe time, 
turning round the great speculum about one-sixteenth at a time, 
end carefully observing the most distinct situation each time 
tbe eye-piepe is screwed on: when, by trying and turning the 
great metal idl round, tlie distinctest position jls discovered, 
Abe‘upper part of the metal shoald be marked, with a black 
Atrdie, in order that it may always be lo4gA<^ in the pell in the 
Aamet pusitioii. > This is the me&od Mr. Short always used ; 
and the caution is’of so mupb conseque^A^* thought 

iti BCoessar^. to meutioii it very particularly in Ms printed 
directions for itbe use of tbe instrument. , ^ , /’ 

■m 148. And farther* Mr*(Sbort frequently cotrectedlhe errors 
/of the great by tlie little metal M another wfiy. If the great 
speculum did not aosufer quite well iu We ti^escope, he cured 
that'defect sometimes by trying thp, effect of severhl metals 
^QcceMively^ by this means correcting the errors of one by tbe 
dtheriAforiaaeveral of bis telescopes which have passed through 
tny hands;.< when tbe sines and powers have been the samd, I 
ham found:that the great though very distinpt in their 

pri^rlctescnpes, yet have, , when, taken out and changed frbm 
one to the other^ spoiled both telescopes, rendering' them 






1^1 ' « ROUmiNDHm^ AF^ f!aA0TlCA.Ii«l1l*V«K«|0ti«.»i 



«irilsb > arifF’ ilitfin Aii> )ethiv«;|$ir- 
vmngM^iiiwitix^l^ ?tbi« iwiMJlfaa^^e 
rikMifr finlAddji iiigrevli^Mai^y^laii^ jUietftls 
l«iigib^|iiir ttet, ’ Mriim Ma ^aiiM mtMAi ai lol<uieii|>i«i»; liOf pi||li|»t i 

fHiM ft! g4eftti«iM»ice^j faoo«bb totCfinbtiiftllifftke .|||«^ 
stifledU«i«(^/ft!lbei»i belli!b li auiifttrotiglfr ti|i^Uii#4 Ki Miitiifft 
fbipi'wiM) tUeicmiet^ ^iioi'^oftl 5 ^ from tbe nbowe obiertftfioBf 11^ 
bftdaima be^sboftiedimft Idmtlf 

l/diiii)8a^e;)tb4fte ?du8ea>«Dd a half tba <«pu!nft«£>jKHil 

leilUllle*U '/fit: >\..i!r 1 . ... M, ; ;.i.,r'-<! *' 

! »l;40.KTfttrotiiln:«A Httieiiseiii iroi4iftg will mftkftlbftiiftbolft/ 
of (he process of grinding^tand poiwfaiDg vei^.easy ftftd cexlftiftf} 

iiw^thbngkti'haae.'endeavoared Iwbewis^ porticiilar ftm 

tflfriftst^afraid'tuo macfb 8o>it is'jftt smurcely poasihlaKtcf *dPply 
a!«wbBt'<of-Aevlerity, arisiftg! Iram habit poly« by the vioft 
Idhoarbd aad fttihute dtisciiptioD. Aad ibatigb ;tbe. ahava 
achi’Ofint'iimy^appdar irksome.to the roader« as jt liei cohi beCora 
I am y sure,, whoever aUcuAipta to iiiaka4ha,uisbraT 
ineoli-wiH^ot eompliiio of it as tedihuslv paritcular*. , 

> 1^.' 1 w>U^ hioweverj faribar roiuark* that wbao tha maUd 
bbgitis to move stiffly opoiv tbo pdisheri and particulaiiiy wbao 
tbe>jig«iva'is almost hroogUt tfttbe tparubuUc Aarm* it will, ba 
ncweasary to fiat tb& eiboffs agaiasl the sides, in order to gi va^ 
ntknieistiilB and eqaabUity to the ffiotioa of tlie haadi byiUat 
of 4li^ whole body;- 

i< Idis'i'l'ke same oeliaher wilLsierve for 40Yeral4neials„ if it 
beisoifewiuitwmriDed^when .you begin to use it. «, / 

•: 1SS2. There is ^another oiroomstanae. anf) n material oae «tppr 
which masd’not her omitlt^d^ it,is dhis ;< for tha va^yaampi 
rdaseo ihufe^lhe pitcbiibenld aat.h 9 too bard.9qf(. 
wilioat ipnmeadoiweU hk the,heat jof .soiwnar^ or,*(ba ,ppl4h0^, 
wi««6r(p}ii} 4bejbiiusir/;4>bpwiy be pot^a»lo/roip^!Jib4.deCaa|i^! 
by;Aadm^ thw rodJn,waitned. >wi^ a, IMid ib> rw f l 
the <ftbmtlioo6aftenieno<t iftay,{»a^ap8 
b«edtd>kfiid/o('.pii4A!phMtf ismobit^^ 
tbethorli'willfbaoilisakAQdly; l*hafl« 
iiftwpriiidiaftd aotnmmi'j -’' tu;; i'x, s^ftir 

^«aaa/!iTbft CMkHsmw i^jfpoitsbMf.^;ilPd 
the bamomdwtli noiigoi oitia0iwoll*tl#|ia4i(^it^9%i^ 

haditiifaf ifdN 
lfid^liilfMibdb^hr)tmrter;ol^ b W*;. ahdi 
,ftomettfa#lhef0ra,lb» 
tiiio oPumark^g; (fmd liUi 

ihgWbftt iMmldwite.*h|ifero.'.;.fij 'b n-di f» hio .ihatu 
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fehmtmsi^-JlfiKtrbmMVt rywiMrlw, > 


Blo&g^iobpofed ilMit'tbaBgi«tM<ifj 
w4tisn^g*4rali> ^oiift €t^r ’ioe9^ if^it b^ieitbmtharg&r i 

ok’P d J ttt i Wi ' tfe6>8taea'bf <lie h<tti^»/»toPwi8t^^ pi^dicor^ must 

' I n^rUfiffiiBil^iuigriiil eoURCK^uecnee 
ariiitij^ fr«M the dillh^eiit eApansioa from beat obd coki in may 
of ^e tociH, tbft 0 gb‘ tlmy he made df diderent nietais and sub- 
sfiBlcer, *deters the inconvedienoey ooeasioDed hyitbe interrup- 
tidul»efdre'hldted'at<dM»> thought td: result from theniee'; for the 
alteraiioa'produced in the sarfaoe of the speculum^ both by 
grinding and polishing, is so much quicker than any that enit 
he^sdpposed t& aHse Jron the former cuase, that it is never 
attetidrdwithanypraotiiDaiconsequeQceii. 

<135: Magnifying very'mitMitd objects, and particularly 
reading at a distance, have been generally considered as the 
sdrest teats of the goodness of a t^scope; and indeed when 
the page is placed at a great distance, so that the letters subtend 
but a very sinttll angle at the eye, if then they appear with 
great precision and sharpness, it is most probable that the 
instrument is a gciod one. But we are, nevertheless, sometimes 
apt to be deceived hy this inetliod; nor is it always possible to 
determine upon the different merits of two instruments of equal 
power, by this mode of examination; for when the letters are 
removed to the utmost extent of the powers of the two instru-' 
niewts, the eye is apt to be prejudiced by the imagination. >lf 
two or three words can be here and there made out, all the 
rest are guessed at by the sense; insomuch that an observer, 
zealous for the honour of bis instrument; is very apt to 
dedeivC hitiiself in spite of his intentions. The surer test is 
by'figures, V^here you can procure no aid from this sort of 
deceptidh. 'In order to examine my reflecting telescopes, I 
nihde tipon''a''‘pieCe< of copper,'and on a black gran»d« six 
lirted dCn^lftiiig'of about twelve pieces of gold figures,, and each 
lifie*df fighveb differing in magnitude, ftnim the smallest that 
cCuld be distinctly made, to timse of about *two*>tenth8 of an 
ihclVlnyigmoi^eoVer.'the -figures in tbe several iiaes Were difier- 
and tbe sum of each line also differed; It is 
evident that by this method all guess is precluded ; and that of 
tWdlibsl^lfibilfis of the some powers, tliat which can Inake out 
t^l^st Wddr of figures, which will be known by the sum, is 
tjhbli^t^'b^ekOope. HUoh a plate I caused to be fixed up for 
dip^riUldfits^hgUinst the top of a steeple, about three hunidfed 
ydrdf borlh'of my house; and it wilt serve to give some idea 
or We' distinctness With Which very small figures oonld be 
made out at that distance, hy saying, that in a clear state of 
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UM$uy y^Miidtfe'fmdei^ makinw minyurt/or 


yaii,c<w<for the w FiUrqMiplfc*y C9WP4plMMn4fa9^ fp. 
fts t,p prevent ihe «plder teeing) and cjifp tl^ F^le a 
and^&a^cieot heat tormelt the tin. It the. join^,tp l)e gpl^ere^ 
have, hPPti faade very flat, they will ppt be.lni^er l^ap ^, jiiair ; 
though the surfaces be ever so extensive, the sold^qg piny be 
conducted in theeame manner,^ only that pare fni^t ,^9 ^1^^ by 
general pressure* to keep them close together,, tn 
£qr instaacei a silver graduated plate may he sqtderpd pp^tp we 
brass limb of a quadrant, so as not to be diseerpihl^iiy ttpy thing 
but the diiferent coloar of the metals. ThIs.inieWpd was com¬ 
municated, tome by the late Mr. Jackson, who, darl<^ life 
kept it a secret, as he used it in the construction of. his qaad- 
rauts, and itis, I believe, not as yet knpwp to any workman. 

109. In tbe annexed plate, are figured the .shape of the 
leaden tool for rough-grinding ; the hones ; and the apparatus 
to be applied to the nK)uth oT the telescope, to ascertain tlie. 
true figure of the speculum. 

160. It was some time after 1 hud written the above account, 
that 14$aw Mri ^Imrt’s method of polishing object-glasses fur 
refracting telescopes, (forming Essay II. of the present series.) 
Ey that paper 1 find that what I before strongly suspected is 
really the case* viz. that lie kuew how well pitch was calculated 
for purposes of this kind. Only it may be remarked, that as 
glass is much harder, polishes much slower, and consequently 
does not wear away and altei' its figure so soon as the metal of 
which, live speculum is made; and as at the some time (on 
account of the very small apertures allowed to, telescopes of 
this sort) nothing more than a spherical figure, is prop^s^ i he 
is therefore obliged to use pitch in a hard, /riable, and stubborn 
BUde : whereas, considering the delicate substance of the metal 
speculum* and, the figure intended to be given to it, the soH 
pitch of the common sort, by sulFering the putty to bed itself 
in its substaoice, produces the most beautiful polish \ and by its 
pUabiUty is .better calculated for that mutual accommodation 
between polisher and metal, which is so necessary to the figure 
proposed. 


. .I^XFLANATJON OF THE FIGURES,, PLATE LX,XXI1I. 

.,(( Fig^ l. Th^. grinder for working off ithe rough face of tiie 
metal ; the black strokes represent deep gr^ooyes made with a 

gr*vcr. , , .y/' 

. Fig, 2., The be(l of bones, which is to complete thesphenca! 
figure.cf thespecuIum,aod to render its surface fit for tbe polisher. 
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E*My Y.—Mudgt** wwdf qf making mirr»r$/qr UhKopt§,-^J^mftrdit'i moHe. 


Fig. An apparatus tor examiaing the parabolic hgure of 
tbe specuUiin. 

A A, monUi of the telesoopo. ^ge oi' the gre^^i tahe. 

BB, a rain piece of wood fasten^ into, and flush with the 
end , of the tabe; to which ,ia, pffoiaoeotl^ Axed the annular 
piece of pasteboard CC, intended to coyer, and to prevent the 
action of the corresponding part of tbe speculum* 

. 1)^ another piece of pasteboard, fixed by a pin to the piece 
of wood BB, on which it turns as on a centre ; so that the great 
annular opening HH may be shut up hy the ring FF, or the 
aperture GG by the imperforate piece £, in such manner that, 
in tbe flrst instance, the reflection may be from tbe oimtre, and 
in the latter from the circumference, of the great speculum. 


ESSAY VI. 


Directions for making the best Composition for the 
Jfietals of reflecting Telescopes^ and the Method o/' 
castingt grindings polishingj and giving the great 
Speculum the true parabolic Figure^ 

161. The methods in general nse for casting, grinding;‘and 
poUshing the metals for reflecting telescopes being knO’^n 
to workmen, and having been treated of in the most fhlf and 
satisfactory manner in Kisays 111 and V, 1 slfall not daiMI 
upon these points, but shall add such directions and observa¬ 
tions of my own as I have found by experience'to answer 
much better than the methods tauglit by those written?.’^Befite 
Iblesoopes constructed by me have been tried 1^ the‘BeV’. ;Br. 
Haskelyne, Astronomer Royal, and found very giraatiy to 
excel in brightness,* and to equal in other respects teleifcopes 
si tbe same sine, constructed by the best artists in London. ' 


* ** Edwtrdft'i teleicapcs show a white object perfbotjy wliile,eQd all 
olnects of their natural colours ; very different from romtaon redecting 
teMSCofics, which give a dingy copperish appearance to obJecU. 1 found by a 
careful experanent, that they shew objects as bright as a treble object-glass 
achromatic telSicope, both being put under equal circiimsitaaceB of areas of tiie 
aperture of the object-roetal and object-glass, and equal minifying powers; 
whereas the diameter of the aperture of a common reflecting telescope most be 
to that of an achromatic telescope as 8 |o 5, to produce an ^nal effect.*" 
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lisjiny VI. — Bdu’ai-ds'ti mode n/ making- ia\rr6ri for tclescoiwn 


OP THB BEST COMPOSJTION FOR REFLECTING SPECULA. 

162. That I may not be tedious upon this point, it may be 
necessary to acquaint my reader, that I have made ex¬ 
periments upon the following metals and semi-metals, in order 
to discover a composition fur a speculam, which should reflect 
the greatest quantity of light, and consequently be capable of 
receiving the finest polish. I combined them in several 
proportions, ancTground and polished them. The metals and 
semi-metals I tried were silver, platina, iron, copper, brass, 
lead, and tin ; crude antimony, reguius of antimony, martial 
regulus of antimony, arsenic, bismuth, zinc, and antimony 
combined with cawkstone.* Having tried many compositions 
of them, (as enumerated in the concluding section of this essay,) 
I found that <32 ounces of copper, will) 15 or 16 ounces of 
grain tin (according to tlie purity of the copper) with the 
addition of a little brass and arsenic ;f viz. one ounce of each 
t<i the above proportion of copper and tin, will form a metal 
capable, when poli.shed in a proper manner, of reflecting 
much more light than any other metal that has as yet been 
oifered to the public. 

1(53. When I s.iy that the proportion of tin is from 15 or 16 
to 32 ounces of copper, 1 would be uuderstuud, that the propor¬ 
tion of tin will not always be accurately the same, as copper 
will take more or le.ss tin to perfectly saturate it, according to 
its purity. It might be of use previously to purify the copper 
as much as possible. A very little experience in these matters 
will enable any one to know exactly when the copper is 
completely saturated ; as the composition will, if broken, 
appear of a most beautiful, bright, and glassy nature, very 
much resembling the fine face of quicksilver. My method to 
ascertain that point accurately, is to melt 32 ounces of copper, 
and to add to it, when sufficiently fused, 15 ounces of tin, and 
to pour the mixture into an ingot: then to a certain known 
portion of this composition, I add a very small, but known 
portion of tin, and thus, by a few trials, 1 can easily obtmu 
the point of complete saturation, and the maximum of perfec- 


* >^ee a most curious expt'rimpnt upon cawkstoue and aotimoiijr in. .I)ie 
Philosophical Transactions, No. 110. ^ ^ i- 

t It' one ounce of siher be added to ttiis romposition, the metal will be 
much better and wliii« i. 
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Emay VI. — Edwmri^t made o/ mal^g fHirrora/or teteacopea. — TftdmetiU, 


tion. Ilaving then ascertained what portion of tin i a^Tijl^ to 
the abore know quantity of the composition, I add the 
proportiotial quantity df tin to th^ whole, when m'l^lted a 
second time. Thus, if I find that 1 must add a quarter of an 
>001100 of tin to one ^ound of the composition, so as to obtain 
^ ne pha tiUtra of brilliancy;* then I know, that when I 
diall melt the remainder of the metal a second time, in order 
to cast the speculum, I must add one ounce of grain tin to 
four |>ou»ds of the composition, made according to the 
proportion of 32 onnces of copper to 15 ounces of tin. The 
arsenic must be added in the second m.^lting, when the 
apeeulum is intended to be cast, as the heat of the mixtnre, 
in^.tbe first melting,f is so great as to render the most part of 
arsenic volatile, and in a great measure prevent its action 
Mpmi the metals. It is somewhat singular that arsenic, thuu^h 
particularly recommended by Sir Isaac Newton * for this 
purpose, should be hastily thrown aside by the founders, as 
well as passed over unnoticed by the writers upon this subject. 
This imprudent disuse of it I can only attribute to the dis¬ 
agreeable fumes or vapours which arise when it is introduced 
into the crucible to the melted mixture, which may produce 
disagreeable effects upon the operator, if proper care be not 
taken to prevent them from being received into the lungs §. 
4^11 the precaution necessar}^ is to bruise the arsenic coarsel\, 
mid introduce it int»the crucible with a pair of tongs, having 
tied*41 up in a piece of paper; giving it then a stir with U 
wooden spatula, retaining your breath, avoid it till you can 
see no more vapours arise from the crucible, when the metal 
•Will be ready to be poured into the flasks to cast the speculum. 


• If too inochtiD< 9 boalcl be odded ; vis. if 17 ooncea of tie are pot toM 
oiiiicoA of copper, the composition is not brilliant when brokon,. bnt of o gray, 
bf^, and dnU colour. If the quantity of the tin’ be further increased, the 
iOjiril Wnt become almost Mack. 

Isaac Newton melted the copper first, then added the anealc, «wl 
hnidy tlteltn,; as witliont doubt he knew that the tin should remain in e floid 
state mi?'iroortest time possible. It Is tme that Sir Isaac added the arsenic to 
fiSe^nnlttd copper; bnt da he well knew tbet a great part of it would be 
rendered voladin, he therefore added a very large qnaatity of it; via. arsenic 
1 to copper 6. 

t See Dr. David Gregory’s Optics, by Dr. Brown and Dr. Desagnliers, 
a. 219; or PUnosophical Transactions, No, 81. 

& 1 have been assnred by two ingenious experimental philosophers, tliat tlie 
ftmes of arseaie.ciwD «^e» the garlic smell is very strong, ai^e nOt In tbd least 
prejudicial to the longs.*—Nevll Meshelyne. 
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; u^e Qtf arsenic, ui (Ms Gompositioo, is to ren¬ 

der ^ metal, nuiicb more compact ai^jl aolid, and indeed mncii 
more tbeeotifeV ns ^njr one may OApcadeoce by comparing tbe 
composition iritb arsenic, with the,same composition of cuppa: 
and tin witbont arsenic.. In general 1 bad one ounce -of 
arsenic* sufficient for one pound. ,of metal. \> A much greater 
quantity of arsenic may he used wUhout,any disadvantage to 
the beauty or compactness of the..metal; but then it is too apt 
to tarnish if e34>osed.,to the air for, some time; three-quarters 
of an ounce, or an ounce of aiaenic,. to one . pound of com¬ 
position, will not tarnish in the least degree. Indeed the 
reason why the metals, gena-ally made. ase.. .of for specula, 
tarnish when they are modi exposed to tlie air» is because the 
quantity of copper in their composition is not nearly saturated, 
and the acid (oxygen) contained in the ait, by acting upon it, 
extracts the copper from the tin, (oxidizes the- copper,) and 
turns the metal into a dirty or dingy-coloured speculum, and 
which (besides the great loss of light) canses the common reflect- 
iugtelescppes to show all objects of adirty red oryellowish colour. 
This,, however, is not the case in the metals made of the above 
composition; for, as the copper is completely saturated, the air 
cannot act upon it in the least degree. 

1(>5. 1 must not, however, pass over one caution in the mode 
or manner of melting the composition, and tliat is, that the cop¬ 
per most be melted lirst of all, and rendered as fluid as possible, 
then the brass and silver must be added, and the whole fluxed 
with the common 1)10011 flux, made of two parts of tartar to 
one of nitre, or by stirring tlie melted mixture with a wooden 
spatula of birch, and made as fluid os possible. The tin must 
now be added, and the whole poured off immediately after it 
is once stirred together; for if the mixture is continued on 
the fire some time after the tin is added to it, it will always 
prove porous afterwards, though it be melted a second time 
with the smallest heat possible. As { ever found this to be 
the case, 1 natcirally. conjectured that the inetal wonld'be most 
solid and free from pores, when the tin remained the least 
tune possible in a state of calcination. Experience determined 
the truth of my conjecture, and 1 pow find that the best 
method possible to miike this composition to the greatest 
advmitage is, to melt the copper as fluid as possible ; and flux 


* dne ounce of uranic will, however, Hufficiently act upon and bind three 
pounds weight of the metal, so that it altall never tarnish by the air. 
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y X UOVV cai TF C*^ 9 %MWW •«■ ^••V' •rwwsvM v*«v 

ccN^^WiitJcW’Wis Wki ij^bws, even tbbagb ao 

ar&bmb lilt^ b<keti btitjftloydd. *¥bt ihaieftdititfw of anento tovef 
rebtiSiy) tborb^^bom^dct/'and ^indeod Mi^cificnHy 

heiVii^,*^ ’dk bibre UMtldlit attd bOatftifftl. ‘ Dn i^votn- 

ingfffid jbrbfe^, If^e titt if i^t iiitb Ib^ boltorii nfjihe c^oible^ 
and tli^coriJrt^’bt 'WbibpI of it.' wMcb i hdvo fre<)tt0Btly;dbiia^ 
tbb cd|)ii©f 'ii^ mbit with a* vm UttIO boat ; whOreaa, < *wli6n 
the'cdbfelS ^ ?ato tbb''^nlidHlfe by*it8©1f, itrb^airoB^a pf4t^ 
strbbjrfodi w cbttife 'it 10 ibJelt: ‘ Wbfen i brat nlibde ds© of 
tbif WbtliOtf; tfiira^iiiad'l' bwd* cWaootered a irtBry eaay onb^ lo 
"db6pbb,^ ‘abd»'fcdlibb^adtftiy'l'4li*>i%bt 'I bad igreatty 
imMVdd ™*'bcnbbio(«‘‘fe«bi<k!’H^ a» Mr. Miid^ aaciibed 
tbdb’dVo^^ln tbe ifibWT'td' tbb* WO-Uoii^ calcinod by th© great 
hedt of ^flbid’ 'co^'f/et at ita llrdt melting, 1 natunilly 
ex^bdibd fd'ftOd the Inetaf, by tbO ohoV'e pnaoess, -toially 
frdeWitt 'pbres; es^ecfallS 1n *theiaO€‘ond meltingi ds tbb beat 
wab^oii’S^rably Ibss fhart* if 'ttife 'oopper * btfd' been mohed -first 
by^s^dlf.*' *Hb^’bV^H 1 alloys foobd’it futt Of porearinncb 

fbafl aeenit t>dfofpi for aomo tiale 
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fluid iifdfe, bnd’fh4i'M‘oi'i? tn 4 ^ate<of 'i#rp©t«ttt( eiiletn«ttinii< 
I atfWbatd^ the ri(d- 08 iiy of Hbe metals.*'#li4wh f niaiite ^ tWa 
coirtbb^tioii; 'to *W 'fhultiudo df Oiioaeaw iHl tbot^igbly ^tteied 
of experiment'aHd cdfijebfurea fO bsddrtara tb«<dr«o eeaboiK 
1 d4s #efdVMfried *tb iiidh the bdpber'fiwtfJaiid ^ti» t»i*aftdr- 
wards, as I l^aH am\4 dotte^'bl^O i drbppied Apdis tfcn* 
improved method, as I imagined. ¥1ie result was, the metal 
was infinitely moie compact, and much less porous. By 
ineltihg the tbppdr tit^: afifl tbeO addirt^'the titt «i«it I soon 
discovered tliat the longer the tin remained in the fire, the 

,, • )'■ ,rtlii ,';!(!» i, I rl . . .jfj ,*-, i ,Kii;>l .fiTi 
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JKfc^ M^i^kTrTI^ 

' ililbi4ftybuWtB i »- ! Bi-'ig!g^^_■■■'■'■'"■.■-'L.J ,.,' „ ■,"' .L 

f fM)tif«(|(4i W w|<|e4j#^Jfi,,>s|<»e,in<F8rCWf^ 

dt^(enmiie4 tDulPytilbft e«w4/of,f^4»Wi 

I<:iferiefiia«< «finfifiiie4 my poqi«ctn?:«f,; ^4 l,-^poii,4ban4 tMi 
hyufMauriDg^sIlie. whole ineHpjiimfs, ,'tbe iostiafit .thpj wefe 
mixed «ii4 Htimd together, jnlo oold. woter^ the iQ^tei efwaj’« 
proveii IQ the leooiid melliiiig, aoli4«,}and more compact, 
l)c«Mittfi4, iHid I hgd eyer toeo, i4 by any other 

prooesai One.thing,! cannot paw over,, ga it affords a,clear 
prool'of the^Qse ol'iaramiic' in rohdeiing the metail ouicU more 
»(iiid end outapaot, and conseqpeatly more liee from pores, 
thaw if no^orscaiic h^ Men ..used in the composition^ When- 
rver<l «nade the composUioo, by meltii^ the coppCi; and tin 
together, by pQ^eg them into the orncihle at the same time, 
and melting them dof^ntogCtheri the metal ?vas always porous, 
us I obBert^ before ; . liowever frequently I melted it after- 
wiuids, iQn<l foajugh gave; it no luere heat than was barely 
iiroeshary to melKtl: yet if ! added fo this very porous metal, 
uftep it wSs mekled, a small quantity of arsenic, viz, an ounce 
to ohAtipKNnnd of,the metal, it was really astonishing to see 
howt much heller tj»e metal turned oiit, being considerably 
harder tbhn before, and incomparably less porous. I mentiob 
thin oirbomstance, which any one may easily try, to show the 
very>great advantage of using a small portion of arsenic ^o 
render H >inore oumpact, and, as Sir Isaac Newton justly 
observes, fmore white, limn before. 

166^ The uae of ithe small portion of brass io this cora- 
pnseticiii(t»1o, r^der it more tough, and nut so excessively 
brittle ns this oodiposjtion withont tlie brass wonM prove. 
A small portion Of silver will reader the much whiter, 

•thongb, if too much is added, it is apt to be porous. 

* Having sa&d so ronch relative to the composition of the 
metsd, which indeed is a capital article, 1 pass on to ^ 

^ ' ' t ‘ '' , ' ‘ ' 

< ' r 

TH« MATIMER OF CASTING THE METAb* 

167. The sand most proper for casting this, and indeed any 
other tnetttl,, is-a-line sand, with no more loam or clay mixed 
with i,t,patqraUyi than is absolutely necessary to make it tena¬ 
cious enongii to adhere logetlier when properly moistened 
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i 4 A$if ig rn'm^ lgf nmr^ irHIiiillito 
always blow the metal ia dittMat «llaeeftim^ < 

i^et^eat daiij|air;df ^oiioratoiii tnOa ^^osiliMbry, 
’ 1 ^’^a*<MtDleient tef<.elay/ n 

Wflt '-IBibf f'diiiaiD iti'^e' flasfcs, lake a pfdjieft ivl|iiNa 8 toli 
frain tbe bittern dr^moddt. *^'1118, best saiid 1 4)eald' evetiiis^ 
wittf Ibr toe i^brj^dieof easting Sfiecala/ is ^Ibe eoiiiab>n Iligliu 
^te saad/ tbdw *I]Sttdub)''gdeerally seed by^^tbe^ IjandeM 
tbandera, ^ It should be as little wet as nSay be, and well 
bdatbjD^ bhft not tbe bard. ^ The flasks stniuld bedtledfi iitwo 
in^rni IHdei' -fbaii^^lbe nretaPintendeil to be east* theda^ 
ik^bot^dr ^ ^uffibient’ tbiekaeSs round tbe metal, it wHb eo»* 
fljtdt^y becofinedry'dben tbe’bot flaid metal is ‘fKHiredlntD if,'' 
a^ bbbset|uently will contriot^ and, of course tbe fla&d 
ifiidtal Will rub oWt of the ffasksi A proper thiekness of’ smad 
will, howetdir, prcfeat tbis aeoident. 1 %e metd or pattern 
sb^M be idkdd' of brass or bard pewter, and must be a little 
Is^i^;^ ai^d ddckcr than die specblom intendcNl to be'casllVeiB 
itrai tbe thing cast is always a little less than' tbe patleni; 
cWin# Id its. ecntiafiting a sibatl degree in cooling. A 
wdd<m 'fidlterti’ w^^ not qid^ the sand near so weH ’as one 
midfe OT leetal ;''beSldeS, wood wiH Olways warp by the meis^ 
tdre'of die dand, an# eonseqaectly wilt give a false figam or 
fOii^wtbe ibtedded'^ecdlikm. ^ , 

^^jl^rjAs tbe tbmpositidn I baVe given for the speeulmn^ is 
^^iatde 8 t,‘ 'an#eonseqaen most brittie of any metal yet 

k^^V 8 d)‘ft IS 'ibb^ibosf diffioalt to east. Ibe Common * 
nOrVif castfo^btli^ ipeCnIa; will hot avail, in tbe tdast dmreel 
hMV, aUd it vTss # very considerable time befoiw 1 fsaDd'ent 
a pemia wdf' iiifaltd^le way to'Cast ibem^itee flmtts^ or 
fldws ID 'mWfacCt^ Idi'gebetiil,' they crackml iD^ ^e*‘Obeying, 
t^^Cm'ibd jj&bis&re'br&e funsfd.’ '^be bttly%icfbbd*p 08 siblb'‘te 
V (bbm iwinde^^ beve tried mnny^metHods ;)^%^ 
Jt^thcifl'^i^, Qe dtMlitosi i%#$ng|ll# dr i^k ^btfld 
'W to’lbcr br tbb mclar, a^ 4 it;th# 

"ibdtb, wbi^'^e' il jbhis Ihd mqtbf,*^Mbbtdd^ Wt'JfeCm'batf 

of'tbe m^V and . Its dbrokbCiS ttmSt*^ be ^half’tbd 

_^fibss^W'^e'int^ sit tfaC'Wj^ tb# dfipei^ pdrt*ef ttie gk 

sbonid conttun as much metal, at least, or even more, than 
tfie"specn 1 um Itself. I could g^ve my reader sufBcient re aso n s 
for every part of tiie process above directed, but I might be 

tKnU MWfy ti mm. H tbce tiiir rntmt m, mi be 
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0F E^VOU^HIIIOIIIG JJfH FIGUEIHO THE 8PE0V<.1fl|« > 

t7l. fa raagfa-E^rhidfiii^, flgvrinr, and |>olisfaiog the metal, 
two ;taola ami; ma necmaagjt beeidea a eonunon grlndstofte. 
Oafo emef Teanoae^y wdricsiieii do not give a good figure to 
tbeir speoola, ta, tiiat they me toe many tooia, wbiefa la a great 
BMaamre deatroy eaoli omW*a ^Eeota. Aa toalktre aiwaya acta in 
tfie amt aimfle maimer, ao if we could aiwaya Imitate irer in ^is 
napect, we riioold amre ^ a mneli greater degree of exod- 
ience In moat of oar mechanical poranita. Beaidei, the tools 
gmierally made nae cd by workmen are ooaaidefably too Ifirge 
In diameter erer to ^re a oorrect and uniform figure. All 
the tools 1 make nae of, ire a rough grinder, composed of 
lead and tin mixed together, or dse of pewter: tms rongh- 
giiader serrea deo ftbr a pdbber. This with a bed of 
atones or hemes, are dl that are necessary. A brdaer (as 
directed in Essays ifl md V) is tetdiy nnnecesaary. cioaes 
omrnidefabfy more work, and, dier mil, is redly detrimental. 
The best method 1 hare ever fonod to roiigh*griBd die speed- 
Inm, is to grind die anrfiioe of il tjnite bri^t upon a oemmon 
griadatoiie,*!made neiiiy to thb figure or fooas ef ’tbe apbea- 
nm hy a gai^. Take it then to a eonVex tod nmde or lend 
and ttnu^ oreheof pewter, and grind the meid o^on it wkh 
fineicniery^ !!%» emery* diowever fine it may bb, arid brniA 
np metd very moch; bnt we can easily core tliat prooeia, 
as 1 afadi show hereadpn ; This tod or roo^ gribdbr,^ diould 
bn made of an dt^thml fotm, and not otronllm^ (ford nsaaph 
1 Ihdl point oat hereafter.) mid of snob dimSmtlioiie^ diht^dih 
ihortmt diameter of the elfipsei'almU hdeqnalinhaiaddilotiiie 
tl^ameterof tlte nfinrbr, aid the hugest dumieter of the diifitl- 
)ld<iiod ahodd he to the abortist diametfir io the pibphraoh 

J . 1 ! "J ■>! i’-’.M;; Jit '1 


mti>iai**»nii msy wHy hm linwiglir In tin form gf rtwi imjpi hj 
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to g^ve iny own improvements* ' 

172. When the metal is brought to a trtio figure, it must 
be taken to a convex tool, formed with some stones brought 
frtN k oBiMd 

Ludlow and Bishop’s Castle. These stones or bones are of a 
fine*'grain,^and wdf’CAsily eirt<^the.4nctal»andnbriog'4t to a fine 
faoe«. Indeed the blue bones,# u|ed in^^Miand by tiie‘e||^iciafis 
fiar this pui^se, wifi soaroe txrat^'thevfiiiBetal, 'end It will be*a 
lab^ious undertaking tio bring* the giet4il40< a'fin«'faee, bo Us 
to take nut all the brd&kfr'Up fimm emery,. by Ule nemmon 
blfie>hoaes. <> By meanavi howervbiv of *<the''ab^d*>inealioned 
(U>aes,i they, aiay easily he ground aad truly figured. * T^ 
bed ol. stones ^ould be qf»a/!OfTnular fignre, and tmt vei^ 
littlo iargeitdfaa&lbe metul iwtended to fcfe fignred^npon it; via. 
tS^outkwp'i-tentbi of an-duclH but inolmpre, for a speoulUm of 
.four ofi^sre ioobes ip diameter. Tf Retool in malle honsider- 
al^ly larger than tbes metal, it will grmd the'metal perpetuaHy 
into a laraen spberei. and by no'means Of e good figure: if the 
metal >and Ibol are. of the same itizb exuetiyi IbO faetal will 
work truly ofdieiical; bat-it is a^t to shorten ite fiions * lebs and 
lesa.*iuiiess the metal dud tool ate worked altemalely upUrards. 
ItJipd <tbeiwF(irn‘ better bO'made a little*' larger (about one 
twentieth par|li gdsater in diktneter) than tltn mirror, when it 
wiili,iaQtiiSnarteB>its focnsbr^M Too mpoh’W^r sbould not'be 
tpoefciiat aijtimet4i|loa tlie^hcmeipavbment}i.dr the.figm-e will bb 
ha<L jpfaiiahma|}ioaSsiy‘b^ seen ’by tfie facel of tbe''metal 
^ipuarifig pf idiiSarcmt degrees’ of ibrightness^jhi difibreut^parts 

. Whepdm aaetal'ia bnoaght 40 a‘Very fi^^^ceUnd 

figjBPO by thoibadiioLstDneSj it.iaireadydo ’receive a polish; 
btttibpfonn L shall give my dkectloas ooncemiag' the muil- 
ni9ri<0ii»tpoiiiBhiag4t» *1 toast mention a eiroumstance or two 
t/^Od; iimitverteDtly )|msse4 ovev4> 'The., metal must not be cast 
tpfild^ok^ ofldt will never take the phrabolk figure intended 
to be given to it. The best proportion 1 have found for this 


, u (• . , , 

SlitilMd*ti^'r>ae/%twevsr,'tiidir as? ofths rotamon blue hoats, te' sWiit 
ntda'WStsr'SS pk^aiue, aasn 1>he tkl vnt»pMth6hi» iu they dg) ppt 
ninrii batter when barely wet, than if miirh vatLi is used upon their face ' * 
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£tMf VJl.‘m,<£dmarda’0 mmle qf mtkimg mtmw* for Meteiipi$, 

piiif«ee)is» * metal of 4} inobes diameter and 18 inches fbenii. 
i^hoold 'be fomr-tentba of an inch thick at thF edge of it; >iho 
bac^ of mfrrer should; be convex, to stren^beti 4t, and to 
oauae St to spring and adbdre to the polisher tmiformly. Its 
convexity sh^ld be equal to its concavity on tbe face, that 
the metal may be every \rber6 of an equal thickness. The 
handle sbiMitd be made of lead, of tbe same coiivex.ity and 
concavity as theLmetal,*it8 tiiicdmess about double that of the 
metal, and its diameter tbree>fonrtiis of that of the speculum ; 
it should have a bole in the middle, with a copper or iron 
screw on it, so as to put it, together with the mirror, to which 
it is fastened with pitch, on a collar lathe, in order to smooth 
and finish tlie edge of the uietai, which may be done by hold< 
ing, at the first, a fine tile th it, when in the lathe, and after¬ 
wards one of the above-mentioned stones. Hie motion of tbe 
lulbe should be slow while the file is used, and the pressure light. 


or F0L1SH1)«6 THB METAL, AND GIVING IT TUB TRUB 

PARABOLIC FIGURE. 

174. The rou^-grinder of an elliptical form, is now to be 
covered with common pitch. 1 generally make my own pitch 
by boiling tar in a ladle, or crucible, over a very slow fire, 
till it becomes of tbe consistence 1 require; for a great nicety, 
is required in tbe degree of tbe hardness of the pitch. Tlie 
harder>the pitch is, tbe better figure it will give to tbe metal, 
as it does not alter its figure in working, as soft pitch does ; 
besides, the metal will acquire a lustre upon a polisher mode¬ 
rately hard, so as to show objects reflected from .it as vivid, 
and as near their natural ctdour, as possible; but if the pitch 
is too soft, some of its finest particles will always adhere to 
the face of the metal, and form a very fine and thin cuticle 
or covering upon its 'surface. This circumstance is-rendered 
very evidtent by viewing any white object in the metal, 
(a sheet of white paper for example,) wheii that fine cuticle 
or thin surface of the pitch upon the speculum will cause it 
to show the object of a dingy brown colour, and not of its 
genuine whiteness. Pitch may be easily made harder, by 
adding to it a proper quantity of rosin. I often use equtu 
qnatititl^ ef pitch and rosin, so as to make the mixture just 
Sp> 0 ^d<^ld as to receive an impression froip a mode¬ 
rn, pre|UMire <1^ my nail. A polisber made with pitch and 
rpshi th i» antage: viz. though it is hard, yet it is not so 
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brittle aA wb^A pitch only is used, aad lAade bu'd by boiling it, 
aiad ooosequeatty; not so liable to break or chip off At Ibe 
and thereby scratch the metal. Po«r the melted pitdh 
and rosin, when pretty cool, from the crocible npon the 
elliptic tool,'* so as to cover it every where^ wbmi spread upon 
it ivith an iron spatula, about the thickn^ of a half-crown 
piece. If the covering is too thin, it will continually alter 
its figure, by the heat it acquires in working the metal upon 
it, and thereby give a bad figure also to the speculum. When 
it is somewhat cool, lay a piece of writing paper upon the 
surface of the pitch, and gently press the mirror upon the 
paper; instantly pull the paper from off the pit^, after you 
have pressed the mirror upon it. else it might adbrn^e to the 
pitch, and you will find the polisher will be nearly figured 
to the form of tbe speculum. If it has not taken an exact 
figure every where, which would appear by the fine marks of 
Ihe grain of the paper upon the pitch, gently warm the 
surface of the pitch, and repeat the operation as before, till 
you have formed it of tbe exact figure of the metal.f With 
a penknife take away now all the superfluous pitch from tbe 
edge of the polisher, and with a conical piece of wood form 
tbe hole in the middle accurately round; in other words, let 
the pitchy surface be every where of the exact size and shape 
as the lead tool which is under it. 

175. It may be necessary to mention, that tbe hole in the 
middle of the polisher should go quite through the tool, (for 
a particular reason,) and should bo made of the same size, 
or somewhat less, than the hole in the middle of the speculum. 
This is a necessary oautioD, and indeed I have always found 
that small mirrors, without any hole in the middle, will polish 
much better, and the figure will be more correct, if the 
polisher has a hole in the middle of it. 


* The eUiptic tool must be made pretty warm, or the pitch will oot adhere 
tolt. 

t Wlien the politer i> broagrht to its true Rgpre, geoHy warm it at the fire, 
and with . 4 ^ edge of a knife divide it into, several aqnarep, by pressing the 
edge of thf knife gently upon the mteh., Th^se squares, by receiving the small 
portion of the met^l tt|at works on it in poudimg, will cause the figure of the 
speeplnm to be more correct than if no sneh squares had been made;—^Itie 
pointer may aioo botformeilt withont the writing peper, bjr dipping the mirrw 
into cold water,, and,afterwards ,pressins it upon th'q surface of the pitch, (when 
it is somewhat qool,) and'by repeating tni^ operation till it has taken tbe exact 
nAnvc Of the methl. < ; w > 
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is .ofi: irilrisi}f 

Po% B wtii«C'ilu8liib.;«ri^ m <!iK«tliiiie«M«iM|ruii, 

g«^ «bl«ioiUitrt«f viifiol witt jpoliili ivkh 
bUtt}k>liti4tee« 'ii» as to tfaeiaiMM 
tt;^th0 «oiiai]ileuoutfofL|io)i8Uei4 steed. ^ ; ItwcMf 
if’1^ «)^o0tbair'^ vitfroi^ is« gtwd, put.some of it kito j^imife' 
miiotb, iMid lf^»yov4Ki4iiitidia8ol4ves<mif»jr, il ia goikdt;: bal<if 
you #Bil 004: cnrancti betsieMit^ yoor 4eetb, then H < is 

bad, and not well bumed.M (jlood .eolcotbar of (vitiiol <i» of 
a deep 0r a 4eep porple^coioar, and is . soffi ai^' oily 
w4ktbi«0|ltdied between ^ tingwpf t bad oelcolhar of id>triol is 
of a li^t M eotoerV 'Bndfeoto hersb and gntty^ iTke cqIco> 

'^0 lev%£ded between' two sdrfacei of 
j^iifdlld^slMeV a&d 'wieqgbt a little water; when it is 
Wurtted'dry, ’ yoo'ibay wdd>a little nnnne water to-carry it lower 
down to *what deglree yon^please* When the oolMfaar df 
Titiidl has'beeii%recightdry> three or four times, it wdi arquirt* 
a *bini^' beloar, and^ will' be low enongb or sufficiently, line 
to'givet ab^'e^qoiilto Idstre*' /This levigated coicothbr of 
vitflM i*pdt ih‘a sSayiipdiiaU'aad fM}ar.soaie water upon it, and 
^flOrW^di 1 nse ftiforpolii&ing the metals in the saijrie manner 
thbt* Washed pntty is always' directed to be mad» use of for 
that* dnrposei*' I always’ put on a large quantity «>f wa«>huil 
odteptbar of vitriofat oaoe, sd as to satumte the pitch,: and 
fofaii^a lbae’'bohting M' the ooleolbar, and t very rarely make 
Hipt of'% seo^d apfdkalioD. if a second or tiiifd applioation 
t>f eofeetliar'Sbonld' be found necessary to hong m metal 
to a 4f^lf hist re, or^'to«take^ out any soralches <u|mtt. Its ffioe, 
uae it vOri kpdriirgly, ei! > yen* witt'desiroy the ^polish' yen have 
already a{t8dtfad. ‘ < Wbeb tli 0 !tiietal> is oearty ^isbed^ it^will 
always gederale aoioO blaOk ^snaibinfioii Iffie svwfade 'of ^ the 
rtiirr4r,'^and Ms© upon tie tdbli' WfpieitJiiow away ^oia tfco 
face of' the mkat,- with «ame •tfepy aaft * wash «fasatber;; though 
if'Idd Bfu^h of^s mad be tak^ea mnay; it will ’not pelisli 
so well. Indeed a little experience in^tbesisi amtlersv*wUl 
better suffice than a volume written upon the subject 

177. In regard to the parabolic ^figure to be mven to the 
metal, no particular caution is required in the poUsbing; the 

' / 4 

. ’ -S-—-—- 

of vitriol h me socieiit neme for vriiat chembto now me 

red otdde of iron. It way he prepared, by ealciitiag the aolfmsi* ®f 
(ewunioa copperas) ontGl it becomes red. 
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tiBUi|itioal4q|oiivitt>iiHr4iw cvnia i]ito>«^^«Qii49 lolo an 
■itmfatbxfpiiiidM>Kclal > fi^ave, . the iransv«i!fi^, >, 

.ton|limtojdi0MeleM< beM/tbet>lroe!t|iropoffti!iH>:ito faeh pjtM, 

'Bot faottMd&hto ipt^enX> i% alipaya CrA*i» 
firndy^BDcl mufQitiiljr llarAiie pi^iabeii^;> i^boujd ibid 
{mve loo aali^ 'it win tgivaa^,. andii0lti0,itli« figara a 
ji4tlie. iVbis oirctiaiataiida wili raKleriibe ,tb9 mirror 

Bottietimba^a watt degvm skDiM;'of >parabola, a^d aome- 
liiii«B<B<9er)rilittle lieyoad ati but ^by a litUe persereraooe ,tbe 
«;uiTedt li|fare(is;Tctry eaaii^ ao<|airedw. 

• ». 17»8.. lioeuld irery ea^dly giif^sibe reflder the Teason why 
un elHptioal ’ tool, ^ » propcx!: proportion, will alwaya gi*ve 
a i'paralMdical. figuro;.. and,.! if the traaB,verse diem^r is 
iMcreastdv it will theo alwiays |^ve a»hyperbolical dgime; ,but 
08 i am; writing .opmt'the I pmotical ;pai*t of makii^ reflecting 
telescopes, andmot^tbo theory^^^l wilt not,ofiend hie patieoce. 
ffo oOttvinoe any tone/of the certainty»of my,assertions, let 
him< poliab a^ metal inohes diameter, and 9| inches focus, 
upon an eliiptical tooU .whose diameters are 2^. and Sapphes, 
and lean assert he will always find the metali /When polished, 
^if it ia«iiot too ti]iok)< beyond the < ptOrabnla, or if will always 
pruwo hyperbolical. If .he poliishes it upon a circular tool 
in tlic Gomaioa way, with cross strokes in every direction 
possible,' using flrst a few round strokes every time he changes 
his position, ,ke will And it wiU always prove, spherical, and 
coiiaequatitly short of the parabola. A very . Little experience 
in'tlieia. matters will convince any one of tbe ease and 
certainty of giring the great spectdain, a; parabolip figure by 
.poUibingdt in a comaion .mauner only. i witii cross stroke^ in 
everytposaibie.direction upon an elliptical tool cf the proper 
dunensionOiK'in: which, forucommon .ibclvand apertpreif^, .yjz. 
2f| td Oi fopu8« ori8.fi!iJpcheaijn diameter to inches focus, 
idiametefs should be 10 to.9. The shortest dAameter. of 
the ellipses being’aocurately the same as the idiacseter of the 
mbtal, sand ’llm Itingesi diameter of the eltjipse. to,^e, shortest 
.^dkmetarmilOtoO.t; ^ i 
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APPENDIX. 


AN ACCOUNT OF 8BYBSAL COMPOSITIONS OF MBTALSl ^N 
ut^fOM imiALB^BilB .ifADB, TO FINO OUT .l^ilS MOST 
PROPBR MlXTIJ(iM*FOR THB BPBCUl^A OF BBFLitCTlNO 
TBLBSOOPBBi 1. : « ' « < 


1. Chopper and tin, equal parts—very bad, soil, tad of a 
blaooriaiorw 


2. Do. with arsenic ^th—but litUo different from, the 1st. 

2, eopper lo^rmtieii worse tbaQ>thepreoedinf ones. 
4i- Coppor 2^ till 10, arienied, nsMod^rblack and brittle. 
&< Gopfier 8, tin aaaOnic i<>n>v6ry iodiflferent. 

6 . Copper 32, tin 14, arsenic 2^**-a very good metal. 

7. Copfier tin 13|, aisemc 1 <^im 4 quite so good as 

the idxtk'- . 


8. Copper 32, tin 13|,^arseiiio ll«t^ good metal. 

' .Gejl^ ^ tin d5, aramdOjBT^-nix^ betler liiao any of 
the idmve. 

10. Copper 6, tin 2, arsenic l-->^m{mctk but very yellow 
wbeotpobshed.' H' ' 

11. Copper 3, tin 11—compact, and whiter than the lOtb. 

12. '‘Copper 32^tm 141-^ pretty good metal, bat polishes 

too'jr^ew,."' . ^ i < •' ' i , *, > 

13. Copper 32, tin 15, arsenic 2. diot-glats in powder Brr^ 

vefpibii^t/^bhtrottenk ; / . 

14. Brass 6, tin<^l«>^compacU lMitlsoy^«w» * 

'151^ Tmo (ptorts of llth oompfsitionk and one pad^f Jdth 
composition—compact^ liat^mw^loo yellow whtm<poltsheA . i > 
>VA Bmis A tin i inmewbid,addler tbau 14t|k«,,.- i , 

17. Brass 4, tin 1—nrgOoAmtotalr b«t-r»thet.yolh»w»; . 

' Brass 4b tin 1» witb«fSeDio.-^tlsT^wUter<4hBiii7thi 

19. Brass 3, tin 1—^will notpoUiii weU. * 

20. Biia8s2^‘;tiiil«*^ia4pafi9«aliirew< 

ikt29L(^D3i!lMrasli^lr^^4eoj ^ onlyia lup^ nf Allard 

pd(^ 1 

22. Brass and arsenic, equal parts—a dirty white colofirvtr*,:^ 
n -2B. ipiMis, cdppeyjandiaBSeidS, 0 i|Dalpaifs;-^diing^ ithite^ 
J '24«iBr|lsntsii« BhrtiiiajjiequBt parUHVuraidifficidl/Jto fmm 
and wdl togelfciw^ ieiben/hiaUMblei^ dnfinf’^afllinp iBhlBt 

colonr, Uhe 22dailni|{d<N^^i>^^''! 
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S5. Copper .32» tia 14^ cradb aatimony 4—black and 
rotten. 

26. Copper B2t tin 14, crude antimony 1—^blnish and 
rongh-grained. ' I ‘i *^1 i 

Vn, Copper B2, tin 15, arsenic 4, bismutb 2—mnch too 

rOttem f -('i ‘-i f 'j *f'' * ' »<" h ' * t ■ i ij- n * i ■ >, ,.• j 

<"26. Copper 62^ tin 15, arsenic 0i bismuHi tl—moeb^vtoo 
yeHeir >wium poKshed^ and sppeans aleo pemns.^ ; 

29. Copper 2, zinc 1—a pale malleable metaL ^ ^ 

30. Copper and zinc, equal parts—still malleable and 

rongh-^ainedi' •• i f « 

31. Copper 32, tin 15, arsenic 4, zinc 4—a good metal, ’ 
but does not take a high lustre. 

32. The Slst composition fluxed nilh correeke sublimate 
—a ccnnpaet and hard metal, but ratber yelloar erhem polished. 

33. Copper 32^ tin l&^a most beautiful brilliant compose 
tion, but much too brittle and rottmi^ ■ 

34. Copper 32, tin 17-^blaish and #ougb>grained. 

35. Copper 32, tin 18—almost black and rough-grained. 

36. Brass 2, zinc X>—nea^ a gold celoor. * ' 

37. Brass and zinc, eqdHparts—a pate gdldc^our, and 
rough-grained. 

Spelter 4* tin 1—‘Very rotten. 

39. Copper and crude antimony, equal parts—o£ a i^aiTy 
nature, 

40i Copper tin 15j arsenie 46$^ of the nhole—a very 
beautiful and brilliant meial, but tarnishes when exposed for 
some time to the air. > 

41. Silver and bismuth, equal parts^-n yellowish irhite 

metal, and not much harder than silver itself. • *' 

42. Silver and tin, equal parts—a Vdiito metal alniosfc like 
silvei* itself, and much too soft for specula:. 

43. Silver; tin, and biasaatlij eqmd parts-^-a dingy white 

colour, but much harder thaa'41 or 42. . s 

44. Copper 32, tin 15, silver 1—a beautiful dompact 

metal, bat polishes rather too yellow, .. ^ * 

45. Copper 32, tin 15, silver 2—tint sd white, as 44. 

' >4^. Copper 32, tin 16, brass 4, orsimiC 2r—rather teo much 
tin as. the composition was of a bluish complexion and rough- 
grained;’ ^ • -i 

'47. Ce^er 32,' tin 15, brass 1, silver 1, arsenic 1—a 
most excellent metal, being by much the: whitest, haiidest, 
and most reflective;’1 ba^ve ever yet met with. 

48. Common bell-metal—polishes very yellow. 
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49f. C|piii||i^^ 4t regnliia «f •oHttioiijf^o^luUb 

and rbara-graindd. , , . 

; baUinias^i^: fogaliia of aiilsiiiaii^ l^^stiil 
and rough-araincMl^ ’ . n. ^ 

Qopper |4*i r^galus df aotiiiidny Xtb ;* viz, 

1 oz. to 1 lb.—too much aaiiatony, it beiag of a biuiib oulimr 
and i^ii^b-gzaided* * . ; 

52. Copper tin 10, regulus of antimoay ii^tb—bluish 
and roQ^. 

50. tapper 32, tin 13, regulus of antimony ; viz. 
1 oz. to ^b.— a very 5ne metal, in appearance like ' 

54. Copper 32, tin 13, regulus of antimony ^V^h; viz. 
1 oz. to 2|lb.— Td beautiful metal, not mu<^ umike 47, but 
not qpito so white. 

53. Crude antimony 16, cawk^stone 1 or 2 oz.—a very 
brigl^t glassy metal, like the common vitram antimonii, but 
by no mea^s fit for mirrors. 

56. Copper 32, tin 16, vitrum antimonii made fronr the 
cawk-stone 1 oz.—a very indifferent composition, as the vitrum 
antimonii did not differ in its effects from crude antimony. 

57. Copper 32, tin 14, lead 3k»no art can make this com¬ 

position mix intimately, as the lead will always separate from 
the copper and tin. ' 

58. Copper 32, tin 16, regnhis of antimony 3—black, and 
much too rotten. 


59 . Copper 32 , jtin 16 , iron filings 8 —a bluish gray 
colnnr npd roogh>grained, and appeared somewhat like stet^ 
wl|e*l broken through, . . 

60 ., 59 Ui composition 8 oz. tin 1 oz.—a little whiter than 

56 th; bid still top blue- ' * 

61 . aSqoal parts of 56 and 60 —stilt of too blnea cdoor, 

and not close-grained. > * ' ' . " 

62 . Copper 82 ^ tint 16 , arsenio 3 , won filings ith of ad 
onnoe—a pWty brilliant compositton, bat muob inferior 

Platina 1 oz. brass 1 oz. cawk-stone, red' boti 'i^tos>^'^ 
excessively diffionlt to fuse. *nd of A dirty tight-brolra/cot^r, 

8 nd;iSP|newhat malleaUe. > J ^ 

64. Copper 30, tin 16, iron^filittgs 4, regnlua 'of aniimoiiy 
4, znd6axed with oorrosiae soWimate-^n exeeedtogly hkrd 
aaff jCompautiZseta^f 'bnt of too btae a'Oolotiri i ,! * j > 

i oz.’tsin 1 oz** Iwn^filinge'1 dri'regatws"of 
antimony 1 tUi-rtoo blue » uotenr amd rongb-igtaitied. 
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. rRognlnlr^ ^otiiAiniy^aii^ 


not fit for mirrorB. y'• ." ; 1 , * 

; i,! 67. ^S»«tHlt6el--^wffl^a0t TOrob%ftli^r vitu putty 

or colcothar of vitriol. Sr.., 

6^'S,teul<lj' ;tiif AiMl' ’ t)J:liisnV aud 

.iiot.inacli differenifiroiu uteel’itit^lf.' ,.,, ,•-kv «. » ' • 

60. Step! 1, tin I—rough-grained, and ofWtiWiOT^^’oToar. 

' ,., f70. Steel and 47tii e^potdii^ 20^ ^^tigb-g’Mioed, 
and not near so good as 47. • ; 

71, Steel li and 47tb eomposii^n ^i^ot' tWbcb dilfferent 
from 47tb compositicm, but not uo beadti'furand cloye-|^ri|ined. 

Many other ntixtores wbro'tribd'hy ebiabinidg the fore¬ 
going compositions in more than a hundred vbi^ibty of jitbpor- 
tions ; but none of Ahem'were found equal to' No. 47/as 'that 
mixture forms aoMtal that is the whitest, hardest, fUdst reflec¬ 
tive, and takes the highest lustre, of adjr thihg I have yet 
seen, ,.s . i ■ . i ^ ' 

; , . , . . ' 1 - . I # , . f ^ . . ■ ' ' 

, , , . * - 1 ft’ ' ^ 11» T /1;iM ' '. .. i 1 - t ^ ^ 

RRMARKS ON SEVBRAL OP THE khOVE 'doi»fPb»T’i’IONS. 

4. The nitre was added to fix the arsenic. 

■ 13. Flint-glass was added as a llhx:. See Shad's Che¬ 
mistry, page 255. 

The 10th is the composition of Sir Isaac Newton. See 
Appendix to Gregory’s Opties, p. 221. The lltb, lAth, and 
15th, are the compositions of Mr. Molyneux, Bee Essay III; 
and, the 12th is thb composition of Mr. Mudge, see Essay V. 

19 and 21. These compositions are mentioned by Neri 
and. lCunchaH, in Nert*s 'art of Giaiss-iiiaklng. Surkly llley 
never tried those compositions tbemseWes, but took^^eth’ 
upon} the report of -nther* aofhor8; .hB thb 10th‘wili ik)t'ldke 
a.g^od .Ipstre*! and the 21st 4s very «Boft<like*'Intiid pewtel*; 
therefore highly improper for specula, which should be; Iks 
hard^possible^ - , i-> r ■ i >.t. .*« v-, J ‘ '* 

tjnless<tbo enppar is^v4ry';plnNB^i fhis^%oihpioMtlon will 
be (tf a dark blue colour, as 15 oniices<eft|p!4i»'thi Will genb^' 
rally satui^te twu pouiida wuidht4iift)oj^beii.‘ ^ ^ ’ 

metal, when hrokfen, should-apphar of 
glassy, ahd quicksilver >comf>lealitoi’« If it^apj^esrsfhariik’a*^*^' 
ol,p .^pd wb|te,t>h^'6mimust hd added "(me- wjcq»phr *^^11 
sometimes takp ; iapneeS if it very pUrel)H^flf^fl'^ 

appears bluish andf rough, more copper or brass must be added, 

38. VOL. II. 2 C 


















194 COMPENDIUM OP PRACTICAL INVENTIONS. 


jSMtqp mMU ^ mik^ 


49. The common belt>metal ia not a mixtiure of paro cop¬ 
per and tinj bat tin mixed with copper ore^^a 
before it is brought into pare ccbpe]^. J 

&Sk See this most wendeifat atone, (caitic-atoiie^y aad>^ 
strange efiPeot npon aatimonjr, described in the >BhilM* ‘TmtiMi 
No. 110. ' ' . J 


62. In all compositions with iron in thmn, the mixtorb wiH 
not run sufficiently fluid. 

04. The regufos of antimony was added here, to dissolve 
or cause to melt the ircm-filings. 

08. The steel was melted by a furnace of a narticular con< 
stroctloni Imilt on purpose, as it would liet meat in a crucible 
and a oommeai air-fnraace. 


ADDITION TO THB DIRECTIONS CONCERNING THE COMTOfii- 

TION OF THE METALS OP REFLECTING TBLESCOPKSr 

t 

180. After writing the Essay, commencing at page 170. the 
anthor. from his anxi^y to be completely explicit, added the 
following remarks. 

In making the composition of the metal, it is better to 
proceed, thus, than according to the method 1 have laid down 
in my paper, as I have since experienced in some metals 1 
have made. Make the brilliant composition first of copper 
and tin. Melt the proportional Quantity of silver and brass 
in a^ amaU crucible by itsdf. When yon put the brilliant 
composition the second time into the crcuible. add also the 
lamp of brass and silver melted together before in/U separate 
crucible; and when the whole is now flu^ add the p^ior- 
tional auantitf of amenic. and tliM pour it off into tb® flasks, 
after i^ >sc0^ is taken off, andf a Ifttle powd^ed 
thfown intojit. In other words, it is hettar nob^inddfWm 
brass to tiio melted copper in the first mel^gv as, the heab^ 
the copper ‘ calcines me hipi$ w^ivnunaris in the. brasA, •»whimr 
renders the metal not so good w ^ *!*? ■ *^*?“ ^dnsi|jmr 
wei^ ,melted together! (as silver melts with a lesa hi^ 
b^s; nod then added to the^ma^ ttl the seepnd * 

copper tnanirei a much greater, beat to melt4tj4hanha^rt»k 
givS.ieo. gsieat i^Jheat to the 
which by cf^mgtlhe kiirif 
Bometim<li ‘cause ^ metal to be 

By pursuing the above method, it will iieverbe powmf in'iia 
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I III I(i n »t > i« n i l Amm i O I l*M i > > » '»» . . . l■| " » > ^ li Iii l. tii It |, ;( IHI Iiiili«^.j|f|i_.n_»^ 

'u. u it 'M.‘4 •.<!■ i 

!,We. ai!e^i||Qi lo^imi^^tiie k ^Moas b^sapse^t 
breaks up with tbe eioery.. 'break op 

bckJbeM iareaWop am weBnUOt ^ tka be^ 
of.)ii<]^es; or itonM. If the ikmoibihi faliw bipi^ arm used, kot 
litiUe water must be used at a time, or they wili never cOt tbe 

iii«4a>4< ' ■ . . , . ,. M .-f 


OP THE FUEL VSED IN 0A8TING THE METAL. 

‘ < ' ' ' . » ' ‘ 

18L I bave used idl kinds of fueJ in casting die metal; viz. 
coal-coke, and wood-charcoal; but the best bf> far, ioad which 
I almost always used, is coke. It is common coal charred, 
and ^ves a One and constant heat: it is to be had at ail 
malsters, as they dry their malt with it. This is the material 
they always use to cast with at Birmingham and Wolver¬ 
hampton. Common coal smokes so much that you cannot see 
into the crucible, and is a very nasty material. The coke 
osttts nb smoke at all. 1 have sbmetimes, but very seldom, 
used wood charcoal; but it is very dear, besides it does not 
do near so well as the coke, as the draught of an air-furnace 
is ao great, it burns it out immediately, so that you might 
almost as soon endeavour to melt the metal with paper thrown 
into the fnmace. 

/, -if . ; > , - 

Oir THE EYE-GLASSES OP REFLECTING TELESOUPES. 

. 11 . < j ^ ' j ;; , ;, • . f ■ t ‘ ‘ ' . I < . 

' '*1^ kind of fi^ass -mbat proper fbr the eye-glassoi of 

refleo^gi^telascopesi Is orown-i^Mss, each as is used for the 
coa’bdk ^lasies in' the 'compound‘obj^t.glass of achromatic 
teletc^e^ ; ttijKi <tboab^pieccw are'best, which,* wh^ laid 
uykofn ibenf of white^ paper, ^diow ibof ^a blhish'green oolonr, 
Md^4mt ef^wy^lpwfsb greeni Ctowf^iglaas ia mndh prefer- 
abini to .flitit'l^aes, or indeed any^tgbee^oii of glass we are 
flO^iaiikod fod^ tL^ pmboem; ^ad' *it. ^entirely destroys, 

by^ilb beiii^uiii^alt dbgy or ayellowiih^appfiMbanoe of bls^ts in 
iniect||i#it»lescppea, (Whmb^^ma^: 4lriab^f^ the metals not 
b«hi|p*«mcibn%^'whiter polish^ and shows 

them^ colptir.vt' The ’dingy appearance 'Of 

Miecti'^ii^ tbd^e^btiBg telbseo|^>la hi^hl^ disagreeablei btit 
tbii'^bp bek^tlitiy remoYed if fbd metafi are- madw^bf 

the dy^glibMes are fovibed* of 'crown- 
glass. Bven flint-glass, when used for the eye-glasses to 

















or^y» m inr ii ^^t?<ife4/ ^<1 wM iiit» yd, tiMt'dro^ii^Iaii^ 

‘ ^it«or»tidew ioromny, % m > g«n4l«l»aii' ^of 
SfdbrtMy^«’Hn^Wd^flest«t^biy, %ho ii'HtellwaMtnttiBrj"tliiit 
c^^-^giwi3r\y iamt* pord mye^ in' tl^ khifddm;' med ‘ 

abm^^lraniyits mor«f1igtit thy eTeb Ahlt-gldas^'y hbjedti 'mfiy' 
b%4fey fii^ygb d^lilnk^b4biok8i^ erown than^fliiitglay*’ 

Thi«'^<^i<e<iii»ty[^^ f>d«lmpd hn ying to titb 'gnniitity dr 
leiy ^Vhiob ytom <tfad ympositiy' of Hint^tiatv, whiob, 1^ 
rendering it more dense tby an; Ptb^^ hlna of glass, makes 
it reflect more, and conie^eiitlf fb#df«yy»y^ iight<.r 

Be will I wn affirpi ^om my.pwn experience. Jbat 

tp.*lintg(M8 (dr eyQfd^tm 


ufallir^^ 




TO^STEtt^IMB THE «iZB,A^tp,I*LAdi Od 

; Aiffww'p ."f 


' ’l^‘'rtis aWInteiy necessary for perfect vision, Biat tbd 

mm a m m 9 mm.. \i \ m * . , 



SBlascoidt 9f Hlw 

foria, the eye-ptem for the gresleet pew|^ 
cofives'glew. 










CL A S811 ICMIXI AlPl^ai&^OS ANH millAllil'9. tSf. 



#itAiio«rifC ^fey«^}iiAli ftm 

a4Ai# 

p q iWM t t^y<hglitaii*/|tlitf? 4Miiji^;i»£f Abofie3mrl#l^>^M^4lie)gll^ 
n^mk Ikee c<lj»« 

a94iliie 4Ul«u«o«»fl4kB twn^tayarglaMfii^ Iflok 4iitaaeQ 

(4otlM>'g4«»aiB^are9(^to ^>diYA4fi tlilii,pi|MiaQtby(.4be 

sMArof^>4isUticeM‘of tkeiAp^-^giAaiAs,,Jes^aied 
tk#if 4ttftAA«fi iaif4 ? ycm. li4Hi b«¥<» tiie< iqoAipA»B4 local distanoe 
roA«ir|i4« tba >foeal dIfiaBoe tof die glaaa 

naMd^jto^he niiner ia tfaraedeehf^^fllie lMldMtBiiea p£ the 
gJesf^eeaRait tbe eye iarone iBcb.^fitU'theiatdaateiiee fr^ 
o^rjs^ileo uieliesi' then the compoaed,local distance from 

thttitjyfe glasi^.wHl be gy| j-g ::rl ao iecb^ m. , 

/iB|. iriie diameter of the cye>hoIe may also be determined by 
divldinj^ tbie diameter of the great specdlam py the ma^nifyiiig 
power of the telescope. Thus if the aperture of the telescope 
is 4 inches, and power 150, the diameter of the eye-hole will 
be 0^0^ of an ipch nearly, or ^5:= 0^02666^^ &c. ^ ^ 

^^5.1|aving,now foupd the place and size of the eye-hotc by 
calculation hearty, the true place and size must be determined 
accurately by experiment, since our measures 6f the foci, 
distances, &c. of the glasses, cannot be found with sufficient 


accoran'f 

, VVitb a small,convex-glass of an inch or an inch and a half 
foc^l,distance, view the picture of the large mirror in the eye¬ 
hole ^ hpi^ thje convex-giasjs ^as steady as ybu can in one band^ 
and move. Yonr.eye upwards pr downwards, towardi'tbh right 
li4n(rpjr toW^ds the left; then if the picidre pf * the Idrj^e 
melatJh.’ltte everhoU has a motion.in .ihd same' dii^ctidh with 


cohl^ 


between the eye and the eye-hole. Tn me fomCr case the 
eye-hole must be brougiit nearer to the eye^l^S,'iri tMd lUttet^ 
case it most be removed farther from it, till you perceive.the 
picture of the great mirror become stationary, or without any 

iirc l^e' 

aiMrMtbeB midy, the eye-hole is* most accurately }n ue .lpcue pf 
th^’'Single or compound eye-glass. ’ 
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186. The diameter of the eye>bole may also be detm’mmed 
exactly by viewiag,. with tba sijaa8 .cottvexi-glass held in the 
band, as in the preceding operation, the exact size of the 
piclliee^ the great metal in. place of tbe ^e-bnle 4eter- 
miaad aece^ately by the fbr^ping di/rection. If the area 
the eye^bok appears a s^a$ degree larger than the, area of the 
emmu^t pencil of rays* or the picture of the great speonlom* 
tbcM it is aulMeii^iy Wge to transmit all tlm rays of light 
which comoa f^mn the great metal. But if the area el' the eye> 
hole ia foaatd to , be, less than the .area of the picture of the 
greet speeubm, tbeeye'hole must be enlarged till its diameter 
aball4»e ^foand ec)ual tUf or rather a tiUle larger than the 
diameter td, Abe emergent pencil of rays. 

''r‘ .!! . - r ' 

'< TO TBY THE FIGURE OF THR GREAT SPECULUM. 

187. Mr. Jipdge (see Essay Y.) has given a method to try 
the figure of the great speculum (for tlie small mirror is 
aJwaytf spherical) by circular apertures of pasteboard, applied 
to the month, or the object^end of the telescope; but this end 
may he much more easily obtained, without the trouble of 
using diaphragms of pasteboard; barely by looking through 
the telescope, and by viewing, at a proper distance, (60 or 
too yards for instance,) a circle of half an inch or on inch in 
diameter, with a pretty broad black margin to it. Adjust the 
telescope so as to show the circle as distinct as possible ; turn 
then the screw which moves the small mirror, either to the 
rigbtf or left hand, and you will see a regular dark haze round 
the circle, becoming broader and broader as you continue 
turning the senew; then jf the haze is more distinct, and the 
edge of it better defined, when you turn the screw /rom the 
place of distinct visiqii towards the right hand, than when 
H,m;Aurned from distinct vision towards the left band, tfie 
figure of the giwat metal is spheric^; if the black, haze 
is most distinct when the screw is turupd towards the left 
hand, it is hyperbolical, or beyond the parabola; but if the 
haze and the edges of it, are equally distinct on both sides 
the,true,locus, or pomt of .dm,Uuct vision, which the eye will 
judge nRJSt accurately, ^mn,, .in such case, the great speculum 
l^s the true parabolic curve required. These and the follow¬ 
ing direeitone tpqpcerning 

t^f' Of®gor*w rfflecior. ,bu^ for u Oassegr^tq tele¬ 
scope they must he reversed. 
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tO'CBiJTRE^^‘tHR 

1^. It is of tfae Rtmpst conseqa^iibC to fbe ^rfeicttoR 
r 0 '(l 0 ctiing telescopes, that tbe mirrors be trc^^^flo^lel td eateh- 
other, and also that the centres of them, together with the ceb^ 
tres of the eye-glasses, be all in one direct lice, viR» In aRhs 
of the tube. Indeed, anless these particulars are attended 
to, tbe instrument will prove def^tive and faulty, even 
though the mirrors hjavo the most exquisite figure possible 
to be given them. That truly excellenturtist, the late inge¬ 
nious ^r. James Short, sdways'toofc the greatest care to adjust 
and centre the metals of his telescopes t and, to prevent them 
from being deranged by any accident, he always marked the 
upper part of the great mirror by a black line, and fastened 
tbe screws on the back of tbe small metal with common soft 
solder. Mr. Mudge (as already detailed in Essay V,) very 
justly advises us to turn tbe great mirror In its cell, and 
examine in what situation it is roost distinct; but he basrgiveh 
ns no directions how we are to place the metals parallel to 
each other, at the same time that their centres ai^ exactly in 
the axis of the tube. To supply these omissions, I shall now 
point out such methods as 1 have always found excellent for 
those purposes. 

I. TO ADJUST THB ARM WHICH CARRIES THE SMALL 

SPECULUM. 

189. Extend two fine threads or wires across fbh apertorethof 
the tube, at right angles, so as to intersect ettch other exactly 
in the axis.of the telescope: before aym is finally fastened 
to the slider, place it in the tube, and through tbe eyerpiece 
(without glasses) the intersection of the cross-xfif^s must be 
seea exactly in the centre of tbe hole the ''When 
this exactness is obtained, let the ariR be jfirRilyVI^vbted and 
sold^ed to the louder. : !.. - 

p , , ’ ‘ 

’ f 

\ , 

II. TO PLAGE THE SMALL MIRROR PARALLEL TO THE'’ 

.LARGE SPBCULCM. •: 

190. Divide the circumference of tbe mouth-btoce^df Ihd 
tube of the telescope into four equal parts. IVovide a circle? 
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pasteboard about one>ha!f or two thirds of the diameter of 
the BOBib of the tube. > Proeorb diso a narrow strip of wood, 
wbpae leii(^ is exac% eqael to the inidde diameter of<llu! 
month of the tobe; divide it ^o two equal psSrts, and to 
middle pmnt fasten -the centre of the pasteboard ^<dircfd by a 
BRiidi Apply now ibis- amall 'aoparatos' to tliW two 
opposite marks mlHle on the motilli of the tube; by Ihis mdans 
the centre df the pasteboard circle will coinoide with the 
centre of the tube. Care also -mast be taken ^t "tlie 
pasteboardxircle be in the same plane with the motnlh of the 
telescope* or, which is the same tbingf, at right angles to'its 
axis; which is mwily effected by applying the edge of a rnler 
aorom'the meutli oi the telescope, and by making any of the 
dianmters of the pasteboard circle toach the edge of the ruter. 
TiAe now the eye-glaases from the eye-tobe, and screw that 
tube withont its glasses, in its proper place; direct then the 
month of the telescope towards a window or the sky, apply 
yoor eye to the smidl hole in the eye-tube, and obmrve 
whether die ring of light in the small mirror is exactly of the 
same breadth, in every part of it, which will always be the 
case when the small .metal is parallel to the great specnlnm ; 
in all other positions of the satail speculum, the ring of light 
in it (whidh is only the reflected image of that part of the 
great mirror wliioh is not bid by the pastebeard circle) will 
appear of difierent breadths in difierent parts «f its circum¬ 
ference; adjust now the small mirror by the three screws 
at its bsnk, till the ring of light appears, in every pint; etactly 
of the same unifocm breadth;, and thus, by a few* triids, .me 
face of the smaU>metaL may oasily be placed paiallel to the 
face of the great speculum. 

HI, TO VLACB THE CENTRE OP THE SMALL IN 

THE .AXIE OF THE TVEB. i 

if 

, ' r ' . ‘ f 

191. Put the circular pmiteboard oaUho>iDoUth-of’ti*etabe, 

as More; then apply the'eyelo thecyC*h(d0, f(ttieieyeigiaci(B8 
Mog removed,) and observe whether, the eUtdr edgerrof^tlte 
ling oi’-Ught in the small mivraE» whien aiyiutted .by tthbipri- 
. cedieg'! rule, is oqai-distant in every ipait of sto»cireamfereidte 
ftem thgiedge of the smidl rndtid ;ilia snob! easel »tfae eeatreiCf 
ithe smell mirror is coiooideid} with the .axis Sf(!tlii^)brieiKN)pd; 

hot if the eiiMmItP® of.-light iflilthBinmlll 

\himitiii!mimritorthe edge -bC-lt -lUi sciueicpaiisuafi-iii medma- 
femtuif^h^'in utben; or imany other, won|s,if^#dhitht 
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. ^Igmf '-r/.iiiEiifWr 

. .jr'Ti 'f jf'n fv/' 1' I .!>“■' 

.tSttrrqan^iog liiQ^ing of light 4n'‘ihe .-MiitlllftfpdotrfSiii 'ha^^bof 
,; the same thteadlll in (#ver^ !pa|it’ of^ ttiia|ierfboe^>>l^e!h 

:*$he ;ceotre of 4he'^nialt tnetel Is )hotiboyii«lii^Bt%lth Uie'itgi^is 
of tbe: toboi bat iqnsiHbb> railed higher^Itldpramed^MpiitN^ 
>mnst!be pnt toiratdf tb|rai*ds ill# 

( Sbaii Appedr ndelssdry) > lffaei<eaidbst'mA<had‘'to^:p0rfertii‘tbis, 
is ^ voiflikentbo dbrawi* ^biclit>got# tbroQ^h ibe 'bale in''(be 
nprigld sient ^of' brass ahiolt * tcarries^ tbe^Mall %($tiaiv NidCb a 
bread; < ebooldtS'to it, and; te>^’titake^lbe b6le'in tbe oenfSef^of 
the brass stetii pretty largb, ^bnt notso lnr|fe as the> sbealder 
ef the« screw,) by wbiymr n^nt^'tie* sinaU "tnirrdr mt^ 'bs 
raised OF depdrased.^ibay be ptaced; a^ litfle b(i<tfae 'r%bt''l)atid, 
or towards tbe left, >^as is fofm€B'to“Ue;iis««t>)^rdp€Hr,'4tMl'<^y 
be retained inaofy of tbosd* postlloBS bf tbdlixrdb 
Uiatbear against the baefc^of the smsil i^elildikr.i^Tbidebd 
the prededittg adjostmeirt ranirtfbe" repeated'^bV tdials; 'Utl tbo 
ring of ligiit id the smdi mirrof h W >atie*<untfbrnt 'breadth 
in every;part of itsr biroamibrencei^^bhd at'dbe^.i-^lattie' llille, 
the duter edge of Hie ring cf light is equiMdddhbt'frotn^*^Hie 
edge of the small 'nietal>;-' for 'tbeb^'^add 'then^bnlyi^tbe* fk\'e 
of the small iairror-ts'-fHirdUelto-th^'fai^ef the graat'kpecb- 
latttk and; at Ihe^ sameotibie,'its^ cedtre' ts eoineidebt'#hli 
the* Idris of tfae' tnbe;; ob tbd ^eritHes^of* the ’e\eugtMises, e^d 
the eentres of the grmii ‘ahd'’8in8H spdcdlnv dW- ib' one<t%ht 
Hue. ■ ■> .. 

192.* WbfB the snndlmif ipr fads'ldeniac^asied^ t>y tfee^ preoed- 
itog dirfictioii. thole tdte'ai^astbente! diay the exMnim bed 
■reetifled to.<lbe^ ninpioBt; dbgtee ^eedsidii hy lie fbildiHhg 

method ; Mf'* ■ '»> *■"■ * 

Put np a circle of half an inch or an inch in diameter, 
witb «ii}ro(Bd blacic margin to ilbtkdrdiDnl^keeuoie,’ ab thd'iisiddce 
of fifty or a hnbilrieit yards from>lbe}^ telescope. Turn the 
screw, which carries the brass stem and the small mirror, 
Abimetf(td!'odtfiartbed^lboil*itb#>gimabrdpeeMimil Ml j/hl will 
^ebsdfpe^ ]be1«N;wdt edntfhdndbi^d^lit^ HNilg}rr*l)f 

)flieieiitili>wHbappeab tothedome \tirBi » i n n itdefst*'^^do>^«»^tb fet^n 
«Qptidtiallyia4^)(Cii«iie/^ ydii ii»dtliide<^laitniNg 

dih(» iSOftew/t itMiNrill tevniiivte ibl' mbtdle'of 

idhefliNia oftcle^fwhioh^ will btllticdbtbiiie'bi^blfi^trith'^'lar^e 
bmd)jnid>IUaek di««e»dealld^ll,f‘di]ttally'broad'iin dvety pmt 
ol d|i» ttilt.dlmltbllmfeigdobtdplti«^ da tbd marglti t# die >tblie 
oiieW IM tdabk id^ntft ^equbHy^blMd 

centred, bat die sii|^ metai mast be adjusted by the tliree 

38. VOL. ii. “ 21) 










siDiedl^B)et4iRi*iiift‘^'~*baok’*«l‘.mt^iiy*i8«tmii^ thip^ 

tM^Umw ^p«t»‘>dr ^euilibk*' dtlier,«te> ^!!cienttf|rof*^tM«ii«l« 
6ii #lMll»><ii|af^*' tlMi ^otriii0|^i|i>u )Wben ‘th^tmitalsya^ 
fatiil iMB<}iiisiMy^«eKtn^V•tha^tliree snutll'^koi^a 
at*^ yilik of’liii^ amdlK«|leoaliin;><infli« aMliiMai'«oftKioM«f^ 
tO‘’pt^v«ftt th^em ^rom ikttWiag, ar givii^ aray^i^ Pot aji now 
a watch paper, or any other printed paper, with ' lettechaed 
figures npoiyit of different diuDensions, some of which should 
be very small, at the distance of at least sixty times the focal 
length of the great specnlntn''#om the telescope. Turn the 
large mirror in its celt, about the eighth part of a revolution 
each time, and observe in which of those positions the minnle 
fi^rea er leftters upen tiiepa|^r are most distinct; mark then, 
with a tdack abroke, tho'^pp^ pent of the back of the great 
specoldm, and a corresfkmdtng paHt upon the inside of the brass 
tube, adjoining to the black stroke on the back of the mirror; 
by which means, if the great speculum is taken out of its cell 
at Miy time, it maybe easily replaced exactly in the same 
position. Tlie mtrroih.asay alio be examined bv; means of 
aOy of the fixed stars, particularly by those of the ttrst magni-i 
to(jb; for if the mirrors are truly centred and adjusted to their 
best position, a fixed star, when made indistinct by the adjust- 
kig screw on the side of the tube, should always appear, in 
reflecting telescopes, w a truly ijonod circle of fire with a 
blat^ spot exactly in Its centre; and when the tdescope is 
adjusted to distinct yisiott^ the ^ should app^kr, it the 
telescope is exoelleiit» Ihe slpte pf tfie air J^vourahle,. 

exactly roimd^^ and’ totally ifreo' from all inndiations, or fake 
rays and glaroe::, I^dc^ed as^rt from tjXMrf^pce ■ «at 

no object is so^ proper to determine the excellence of tele¬ 
scopes as the fixed itarsr as the feast trffigolaritfin tte^ure 
of the tnek# il>. nofieeflag tdoscop^i qf of,tto pfijec^vi^s 
machromaties»# Jnqndarfa 

fillse: gtafst^pn^ kVn^ir »^,;top|Wi#M^P^ 
'fher.ipigeninas fife, Mfi|sqheV;df 


* Wb«B the nwtslt sre centred 


op the enml ecrew ’7 —ZTZ -1’ui-iai’tki' 

part (f the circansferenee of the circle which eppeara too black, hr 











GLASS II«n«ff|LO0O^iIIGAl4A.FPABA1;US AINO ARTS.Si^ 

^ip mm . Wiifi---|- -. r - . . . . '' ' I . . .[- - - - immm 

JSpP4f •V is ' i E dm ar th Ifc, 

WKSSSSSSSSSSSSSSSSSmSSSSSSSSXSSSmSS^SSmSSSSSSSSSSSSSSSSSmSSSSSSSSSSSSSSSSlSiSSSSSSmSm^ 

itjsU (astrooomical world, hft^ disco* 

vOwdj(f»idfyf0OOiiiiOnble tand tnsfaio itsts,* tnany of wbicb 
shetescdifediiiglytaiinBt^ ooies; add wliiob^iat tfae sanne time that 
lbeyr>lviU<(affoM dh opportmiity to furCve tbe goodocsa of 
onr' tdeibqies/ sUaw*Ube excelleneo of li«i bwo,f and Ulus- 
tratOtli&'obsearvatkMi ofiiiio royal'Psalmist, that, ** The hea¬ 
vens ^ecfei^ the glory of i^od, and the firmament sboweth his 
handy-wedk.’^ 


1834 As the following table q£ the apertures, powers, and 
prices of refleoting tdesoo^, ooostruoted in the Gregorian 
Ibno, by the late ingenious Mr. James Short, is very scarce, it 
may not be unacceptable to my reader, if 1 here insert it: 


Nuittb. 

RDcal 
leagtb ia 
iqCh«p 

Dinn. of 

Sp^tOM 

lOiDCll^ 

MAgnlfyiig Powers. 

Prices. 

Guioeas. 

1 

' 1 

1,1 

1 Power 

of. 

18 times. 

8 

9 

4i 

lA 

1 . 

• do. 


26 


4 

s 

7 

1,9 

1 , 

. dp. 


40 


6 

4 


9,6 

8 . 

. do. 


60 

91 

8 

ay 

ts 

9,0 

2 . 

. do. 


86 

>9 

10 


19 

ao 

4 . 

. do. 

. . ai, 66, 81, and 

110 

*9 

14 

7 f 

18 

a,8 

4 . 

. do. 

. 60, 96, ISO, and 

200 

yi 

. 20 

9 , 



4 . 

. do. 

. 90, 1$0,290, and 

aoo 


95 

a • 


dja 

4 . 

. 46. 

.{60,200,800, and 

400 

9$ 

76 

to 

' 4B 

i 7,0 

4 . 

. doi 

. 190,960, aB0,«nd 

000 

$t 

100 

J» i » 

■ « 

■.5J- 

u ; 1 * 

11 .jj 

' 18,0 

\ ^ f 4 ' ' 

,4 . 
it • 

rrr 

•< dp. 

. 4o. 

.m4#0,^Wjd 
. 900,600,9M, and 

800 

1200 

ff 

ti 

900 

800 


184. 1^. l^faoH: in the^abote thbic, always greatly over- 
iljif'tdd thd hij^hhsf ^o^elKof his telescCpee. By wxpetiment, they 
w’^%diid tUhi^ffnii^ ihtieh laiks than a^jj^lWssea'in his paper. 
](trJ''SnnrtRfn^ra iWo or thrde tefeM$6pes ^ the Gr^orian 
form, of 18 inches focus, with 4,5 inches aperture, and power 
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Bifi iliiimii ydry linfKBltfiatiWiUirltiBt Mwar. /I)i0 
mogaifier U htm&i ^iik i<«llildBii| MiMi4(3i |in)ii^<l ^ 

lia flsct ofelde six U^itfwnafoaBii afttiA^ra^ 

goriao forim, tBhioti liiopa iimttld iBagiMf)iing floward vargr,' 
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tak% 0 (^^ltNttnllli^ Biiiidb*i^*O ’ 8 tid ^b 8 ve*^<} 0 ii 1 iiibed>^it 
froM'l 7 ct 4 Pd 4 locai^distaaoi^ df tit« gi^elit naliTdr; > 1 » 

aisly «hiti 8 ]ted Si to Sir ’ls 8 d& NewtM]’lr>tfiifiiib 0 rg<; by aieaDs od; 
whhsb fheltif»erttreff of rHMistitig‘ teleseope»/of >fiBy oonatnier 
tiooi^ibay^bd oatfiijr conMDted; Seo Appmdili to Gregory’ai 
Option. p«g«' 2 ^’or Pbalosopfaical Transactioba* No « 

196 . It may be necessary to mention, that the preceding 
table was constructed by using the dimensions of the middle 
aperture, and power of Mr. Hadley’s excellent Newtonian 
telescbpe as a standard v via. focal distance of great mirror 
iaches> aperture of concaTe metal 5 inches, and power 
208 times. Mr. Uerschel chiefly makes ase of a Newtonian 
reflector, the focal distance of whose great mirror is 7 feet, 
its aperture 6 ,^ inches, and powers 227 and 460 times, 
though sctaetinies' he uses a power of 64 ^ for th^ fixed 
stars. r ' 

197 . If: the metals of a Newtonian telescope are worked as 
exquisitely as those in Mr. Herschefs seven-feet reflector, the 
highest pqwer that sucbfa telescope shonid bear, with perfect 
distinctneis. will be given by multiplying the diameter of the 
great speqnidjp, by 74 ; and the focal distance of the single 
eye-glass may be found by dividing die focal distance of Uie 
great mirror by the magnifying power; thus, 6,25 x 74 462 , 

i ' ’ 7 X 12 ' 

the magnifying poweri; 8 nd = 0,182 of an indi, the, 

focal distance .pr the singje eye-glass required. 


TO GRIND*.*4ND PO||j|SH THE SMALL SPECULUM CMP A 

]n^,wtonia^ telescope truly plat. 

I , • i. 

198. It|ma(j^'|)erbaps,'be necessary to inform ^ose tba1|would 
wish to fiild tej^scupe^/of the Newtonian fqrm^ that, the| small 
elliptical plalie> mirror may be ground tttdy flat,, by making 
use of two of'more t^ls considerably laigeir tbanthe Ipecu- 
lum inteimed^ be finished upon them, alter it is .brought as 
near the ygure as can be done upon a snitUf tool of lead with 
fine 

1^. The tools or beds of hones should be no less than six 
ir^bes^'jfi ^dibl^^et. Th6 figure of^ the"tbols Is not allo'^ed to'be 
; thd ‘^6pe4u1niii’ ^ cafi be fet highly finished upon 


ottWoff ttiSte,* kiid af^rWards bb abplied id another witinat 
reifdWitfg W fcbyrifife. I’be last half dozen of strokes Ahonid be 
ia'lSie''dird^dn of the longer axis of the ellipsis. When this 




£sMfy fmtr. 


nw ji fcfld Irf dfiguiaDy,4to fiiii^r<fptepii|viin\* 
obBged to that excellent astronomer, Mr. 




TO FIND BY BXPBBIMENT, THE MAGNIFYING POWER OF 

ANY TELESCOPE. 


200. Many methods have been contrifed to determine 
experimentally the magnifying power of any telescope. That 
excellent artist Mr. Ramsden, showed me, some time ago, a 
smsdl instmment, of his own invention, to measnre the 
diamete^ of the emergent pencil of rays, at the eye-bole, to 
tiie^n^M^t dt^eb'Of prhciiioD. Rv dividing, the diameter 
of tile great norroc in reflectipg. telescpp^, the ^dianpicter 

^ ® as.# • a. ^1 B •__ _J!* 


consbmcted chiefly upon the principle of Mr. Dolland^s object- 
glass micrometer, is somewhat eapensive,* and therefore may 
not be found in the hands of every one who is possessed of 
a l^escope; I Shall lay down a plain and easy method, by 
wMoh l.conld always ^c^v.ef ^he powers, of iny telepoopes 
♦ery readily, and with snl^Scieot aecnracy. , 

i . .2D1. At tbe.distance of me or t^rp hondred yards froip ihe 
tdcscepe# pot npj’a.email,ewcle^of,pi^r of 
diameteiv an-4acb, for jnstanji^; P“y.,P*PPP 

stseag papery throogh.whil4 tlie' Jfebt. j^m^t oe ea8ily ™s- 
BMtted*.(idraW. twoJdaeh f araWel lin^, ^wfeso^distence 
ea^ olW dsjexaudf; e^W,to,|^p pji 

Adjest thoitelesoefi^ito, djafipet^ji^iV, ^ WmO ne^ 

the aforesaid,im»n 


yj 

11 aiy* *1 




* •i'llf. BSimUrn Informed mo Hint the price of om of bta omoll loHrumenU, 
to dpcmthif dm power of any telcscepe, wonW bo “boot 
ii nffli!!* ”n« oi^ Opticion makeo dieoo taotnnnroti, as Jr* 

EmmIMi I CioaOt tell, havliig never men any other thin what Mr. Rwnoden 

dmSmms. 
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*>’M«S8iire Ibmw, tiiedistiihr# joI* 
fM'yAsdk)f^4iie fisralM* Uses, ifrom voiir^fijse,: 
df tfaeformerbf ibaStofi the 

afif vba v^H^l. ^te mSgniljFiog pdwe^':of tbe Iel08oo|>ft 
r^uirWi'’* / '■ ; >■■'' 

202. Two other methods to determine, by experiment,. tke^ 
power of any telescope, are given in Dr. Smith’s Optics, in 
the notes upon Art. 109 and 4^. 


B8SAY VIK 

' ’ ^ ' 

An tteeount of the Cattse and Oure of th Tremors 
peadiarly affecting reflecting Telescopes more than 
refrqotlng ones\ contained in the Esetratte of twb 
Letters to the Jutfompiter Royal, , . m 

EXTRAOTi 

* ' ' I 

iMdhmf Fektiarj^^tUSS* 

20d. 1 have the pleasure to inform y6n (bat I havb made 
on^, discovery of no smalt motnent to reSecliti^ telescopes^ and 
wi^ch c^ot fai) of bringing; them agaih into' your'good 
opinion^ and of restOrihg^ them Again, asipiteferable to Achro¬ 
matic)^ for astroOomicai' ^posOs. ^ T ^ttln ' stire^ whatever 
dif[cjpveries are to bO madc in the heavehs^,r we inuat be obltged 
to Jreflecibrs for them, aa we can give them’what epertnie 
v^e bleMe; Ih shorty Sir, I have discovered tbe^^oei cable 
ojt ’^e trf^aia reflectors, and ean^ and bftvei* Wed them iii 
mj owa telea^^^ This is not imaginary. ' I do^not deceive 
mvseTf.t hkve shown' the diWetiee to d gentlemen 

<j^||li8 plane. I W make thdm shb# ol^edts to tremble or 
remain btWfly, as 1 please.' Inbw ^See the great difference, 
and the advahtogfi of curing these tremors. 
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Essay VII.—Edwards on rejircting tflrscopcs.—i auscs vf trrmars. 


EXTRACT II. 


LudloWy Sorcmbfr 10, 17h2. 

204. In regard to (lie cause of tremors in reflei ting tele- 
lopes, 1 have iml made a great main experiments iipoii them; 
Ihoimli what 1 have made seem to show *nie the true cause ol 
them ; viz. 1st, to the springs at the back of the great .'«|)ecuium, 
wliich are every moment var\in}x their clastic it\, and there- 
fore do not press the metal e<{uall\ at all parts of it ; nor 
indeed does the pressure continue the saint' at the same place 
ibr a few seconds. This is one cause. 2d, Another eaust*, i 
think, is the e\c-hole of retlecting telesc(,pes ; since, as the 
emergent'pencil of ravs comes through so small a hole, tiie 
least motion of the e\c .side-wa\s, or iijiwards, or do\cinvards, 
will cause the objects to dance or trcmible.'*' 'J'his latter part 
of the error may be easily cured in a Newtonian rellectc*r, by 
taking away the small e\c-hole entirely, which will be no 
detriment in the night time, as no light Irom the sky can fall 
immediately on the eye-glass. In the Ciregorian construction, 
the eye-hole cannot be so easily remo\ed, eyen in the nigJit, 
except it is very dark, as the circumambient sky-light will 
fall immcdiatelv on the eye-glasses. If you yyill take away 
the .springs at the back of the metal, and put the metal to 
stand (for a trial only,) on two small bits of card placed as in 
fig. 3, plate LXXXIII, wlmre a is the top of the* metal, h llie 
bottom, c and d the two pieces of card ; if you take care to 
wedge it in its cell just so tight with the bits of card as to pre¬ 
vent the metal from falling down or backwards, I think you will 
not find aiiy.tremors then appear in the telescope, if you will try 
it against an achromatic at the same time. Tlie above method 
is only to show that the springs at the back are the chief cause 


• In a subsequent letter, Mr. Edwards very properly attributes tlie detri- 
inent arising from the eye-bole to the inflexion of light; the efl'cets of wliirh 
seem to have been first observed by Grimaldo, but which were aflerwardn 
examined farther by very nice cxperiinenth by Sir Isaac Newton, and shown by 
him to arise, not from the ordinary refraction of the air, (as had been .supposed 
by some,) but rather, (as attributed in his Queries,) to a real repulsion subsist¬ 
ing between the rays of light and bodies wliicli they approaeh near to. lu fuel, 
the bad effect of the eye-hole in producing indistinctness at least, it nol tieiiiois, 
is very sensible, although thaeye be kepi as steady and free fioin any liaiis\ei.se 
motion as possible. N. M. 
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of those tremors; at least they have always appeared so to 
my eyes. 1 remember once, when the objects bad great tremors, 
I took off the springs, and fastened the metal gently in with 
two bits of card, and 1 could not then perceive the least 
tremors. 1 r^laced the springs; ^the tremors returned as 
bad as ever. 1 then took them away as liefote, and covldi see 
no tremors. A gentieman of Lsdlow, present with me, saw 
the same, and declared that the springs were the immediate 
oanse ol the tveBUo^; tbongk, if the eye was moved Stucb 
at riglit angles axis of the pencil of rays, we conld 

still perceive smHe tremors owing te the eye>bc4e. 1 much 
dtsUke the constant practice of putting tie metals ta bear 
their whole weiglit on thehr lower point as at h, as the weight 
of the- metal resting on that point bends the metal in a small 
degree, and harts tiie figure. This may appear strange i but 
indeed 1 cdfi at any tine totally spoil the figure of a metal 
by wedging ft in only with the ti^ckoess of a bit of comniott 
writing paper. Dr. Sniytfti says, oi]e>tbousaiidth of an inch 
will spoil its figure. 1 am snre also, that that qnautily, 
if not lesa, win injure it. If the metal was made to rest 
at two points, viz. c, d, each of which is 45” from b, and 
from each other, I think the figure woald not be kijured 
at fdk 1 do not see that the thickness of the metal is of any 
service to prevent this small degree erf bending, for I never 
yet saw a large metal whose figure 1 conld not speil with tm 
exceeding small pressure at its back. Nor do 1 approve of 
three screws at the back, to bear agaiost the*metal, as I 
altered my own small telescope tg that plan, and I never 
eonld make the screws near equally al^e^ but they would 
bear harder against one place than another, and so spoil the 
figure. 1 lAfink they bad best be fastened by three small 
Screws passing throngh the tube, perpendicular to the axis, 
and of snoh a thickness as for their sides to touch tbe back of 
the mirror barely withfowt any shake. By removing the brass 
piece (viz. the brass into which tira eye>^piece is screwed) 
yon may see the screws bear side-ways against tbe mirror in 
three places, and may file away the sides of the screws so as 
to make them just touch the mirror, but not maeh more. 



39. ^oL. ir. 
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Essay VIll.—Maskelyne an reflecting tekscapes. 


ESSAY VIII. 

Remarks on the Tremors peculiarly affecting Reed¬ 
ing Telescopes more than refracting ones. 

205. In the continual course of my observations at tlio 
Royal Observatory, I have almost constantly found tlie two 
reflecting telescopes, a Gregorian of two feet, and a Newto¬ 
nian of six feet, both made by the late Mr. Short, to show 
the celestial objects indistinct and atlected with tremors, when 
at the same time the forty-six inch treble object-glass achro¬ 
matic showed them much freer or entirely free from them ; and 
for the most part more distinct and better than even the six- 
feet reflector did; though one should suppose the latter, from 
its length and aperture, ought to be a much more powerful 
telescope than the former. The same ditference between the 
effect of reflectors and refractors 1 found also in viewing 
land-objects; having often seen them perfectly steady for hours 
together through the achromatic telescope, and at the same 
time in continual tremors through the reflectors. Remarkable 
as this difference is between the effects of reflecting and 
refracting telescopes, I do not know that it has been hitherty 
noticed by astronomers ; 1 w'as led to it from constantly compar¬ 
ing the achromatic and one of the reflectors togetlier, imme¬ 
diately after observations qf Jupiter’s satellites, or occultaiiuns 
of stars by the moon, or any other observations had been 
made at the same time by myself with one of the telescopes 
and by my assistant with the other. But I found the detri¬ 
ment which the tremors produce in the effect of reflecting 
telescopes to be so great, that unless they could be removed, 
I had long considered reflecting telescopes as instruments 
that ought to be banished from astronomical uses, as being 
much inferior in tlic^ effects to achromatic telescopes of much 
smaller apertures. I wished, however, that the cause of this 
strange phenomenon in reflecting telescopes, might if possi¬ 
ble be discovered, and thence a means might be found of 
removing an error so fatal to their improvement, and conse¬ 
quently to that of astronomy Mr. Edwards having been 
l<n>g employed in the improvement of reflecting telescopes, 
1 some years ago proposed to him this subject of the tremors 
of reflecting telescopes, as a problem for his consideration. 
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Eatay VIII.—Maakelyne on rejlecting tele»cope$. 


to try if he could resolve it; which he has at length happily 
done, to the great improvement of reflecting telescopes, and 
benefit of astronomy; as is explained in the foregoing 
account of it, extracted from,his letters addressed to mysell'. 
£ have only to add, that upon removing the springs from the 
back of the great speculum of my six-feet reflector, and 
steadying the metal by screws instead, I found the tremors 
of the object imraedialely removed, and the object to appear 
incomparably better than it did before. 1 also found that by 
removing the eye-hole, which is nut at all necessary either for 
celestial or terrestrial objects, in a Newtonian reflector, that 
the appearance of the olyect was still very sensiUy improved, 
though not near so much as it was before by taking away 
the springs. In short, by these two easy alterations, the six- 
feet reflector was so much improved, as to show the object 
(a printed paper) sensibly better and more distinct than the 
forty-six inch telescope, which before had greatly the advantage 
of the reflector. 

■ 206. Some time previous to my trying the advantage 
arising from removing the springs, 1 had hit upon an extra¬ 
ordinary experiment, which greatly improved the performance 
of the six-feet reflector, even as much as the removal of the 
springs did afterwards. As a like management may improve 
many other telescopes, 1 shall here relate it. I removed the 
great speculum from the position it ought to hold perpen¬ 
dicular to the axis of the tube w'hen the telescope is said to 
be rightly adjusted, to one a little inclined to the same; and 
found a certain inclination, of about 2^" (as I found by the 
alteration of the appearance of objects in the finder, one of 
Dolland’s best night-glasses with a field of fi") which caused 
the telescope to show the object (a printed paper) incom¬ 
parably better than before; insomuch that I could read many 
of the words, which before I could make nothing at all of. 
it is plain, therefore, that this telescope shows best with a 
certain oblique pencil of rays. Probably it will be found 
that this circumstance is by no means peculiar to this 
telescope.* 


• When the great speculum is thus inclined, the little speculum must be 
placed out of thu centre of the tube towards oue side, in older to receive the 
rays of the oblique pencil which come down the axis of the tube; and then 
none of the light will be stopped by the sides of the tube, nor more light 
intercepted by the little speculum tliau in the common position oi it. 
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• , Essay mk^tjfUiAing treimrs. 


207. CoMaltiiig No. 076, in vol. 02, of 6ie PhiloiopliioMi 
Trangaetiims, 1 see that Mr. Hadley, to whom tlie nrorld is 
so maoli indebted for eaecnting boUt sorts of reflecting tele¬ 
scopes, and introdacing them into common nse, as well as for 
the onadrant that foes by his name, supported the great 
specnlnm of bis leiascope at the back, not by springs, but by 
three screws directly answering to three bearing on the fore¬ 
part. Mr. Hadley, however, unfortunately directs tlie apply¬ 
ing of a plate wi^ a litde hole in the middle before the eye- 
^ass towards the eye, to let no light pass to the eye from the 
inside ^ the tnbe, but what comes from the oval plane 
spe<^iaa* ^ 

206. What a pity it is that Mr. Short, an able artist, who 
first found out the means of enlarging the apertures of these 
instrnments considerably, by giving his great specula a 
parabolic figure, should by an unfortunate mistake of apply¬ 
ing springs to snpport his great specula, reduce the excel¬ 
lence of his telescopes to a degree probably below that of 
Mr. Hadley’s, who brought these telescopes intO'^common use 
in the year 1723. 1 have but too much reason to believe, 
that all Mr. Short’s telescopes were constructed in this im¬ 
proper manner. Tbis may serve as a fresh instance of the 
soundness of the^iloyal Society’s motto, nullius in verba. 

209. Mr. Herschel’g telescopes, which show very minute 
doable stars, that other telescopes, hitherto reputed good 
ones will not reach, (of which I am myself a witness,) and 
are probably superior to any telescopes made before, are 
unencinnbered with springs and small eye-holes. He tells 
me that he found springs could not be applied to great 
spcicala that were above five inches diameter without groat 
inconvenience; because if they were not made very stiff' they 
wonld yield to the weight of the speonlom in high altitudes, 
and so alter the adjustment; and if they were made very stifl* 
they spoiled the figure of the speculum. 
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General remarks.-^Uae t^iron tools ^ grinding lenses. 


ESSAY IX. 

Miscellaneous Observations connected with the Q rind¬ 
ing €utd Polishing of Lenses and Specula.^ 

Tbe essays of the series coacladed by tbe present, are not 
to be regarded as belongiog exclusively to the art of forming 
lenses and specula. They have, to a certain extent, a general 
application, and every mechanic, aiming at improvements, 
ought to be familiar with them. They show very clearly, the 
dilticulty of obtaining surfaces, of any description, accurately 
true; and as accurately plain and spherical surfaces are more 
frequently required than any other hi all delicate and valu^ 
able machinery, they may be considered replete with instruc¬ 
tion for suggesting general expedients to obtain such surfaces, 
and to ascertain when they are true. We trust that in the 
course of the few remarks we have now to oflTer, tbe correctness 
of these considerations will be very apparent. 

When figures appear at the commencement of the following 
paragraphs, they refer to paragraphs or articles of that number 
in the preceding essays. 

t). The tools upon which lenses are ground, are generally 
directed to be made of brass, but when their size exceeds 
foua or five inches in diameter, cast iron will answer extremely 
well, and may be made considerably thinner with equd 
strength. If the iron tool be equally thick, one side will do 
for a concave lens, and the other for a convex lens, nearly of 
the same sphere; for tlie difierence in the diameter of the 
spheres of which the surfaces are respectively segments, will 
only be that of two concentric circles differing by the thickness 
of the tool. A cast-iron dish, or tool, ten inches in diameter, 
will be sufficiently strong if tliree-tenths of an inch thick. No 
material will be cheaper than iron in the first cost of the 
tool, if a good foundry be at hand; and no metal which can 
be used, wears away so slowly in rough-grinding, or is so little 
liable to change its figure by accident or pressure. The iron 
tool should be cast from a hard pewter or type-metal pat¬ 
tern ; its form is so simple as to present no difficulty in the 
casting: and if properly cast, it may be taken as it comes from 
the founder, and formed to a good figure by grinding in it till 
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E*»u.y IX. — Mueelhm/etttu rewMrks connected with grinding Untea and apecula. 


all its surface is of one colour, a piece of thick rough glass 
with coarse saad or emery. The iounder will require a small 
hole in the ceutre of the pattern, for the insertion of a wire to 
lift it out of the sand after it is moulded. This hole, to 
prevent its being,made with any violence that would ii\lure 
the figure of tte"pattern, should be bored in the lathe before 
the turning of Me pattern is commenced, and it would be best 
to screw the hole, and to furnish the founder with a short piece 
of wire screwed at the end to fit it. By this wire, the pattern, 
after the moulding is completed, can be drawn off the sand 
without any laterd motion, and without the force usually em¬ 
ployed in such cases to wedge a smooth wire in the hole sufli- 
ciently tight to bear the weight of the pattern. The same 
remark will apply to forming the patterns for specula, and 
moulding with tiiem. The hole made by the wire in the sand 
is easily filled up when the parts of the mould are separated. 

The piece of glass employed to work the cast-iron to a 
correct figure, may afterwards be used as a bruiser, and will 
answer better than one of lead or pewter, because emery 
sinks into soft metals, and does not therefore get fully and regu¬ 
larly crashed down. The bruiser also serves to press down and 
figure the pitch employed in polishing. 

5. Brass and copper are mentioned for gauges ; but brass is 
the most proper metal. It is more easily filled than copper; 
when hammered, it is more firm and elastic, and not so easily 
deranged in its figure. The brass should he made to lie quite 
flat upon a plane surface before it is made into a gauge; or 
the difficulty of using it accurately will be increased and ren¬ 
dered less certain. Small gauges may be most expeditiously 
formed in the lathe—cementing the brass upon a chuck. 

22 to 25. When the quality of glass to be ground away, 
to give a lens the requisite convexity or concavity, is con¬ 
siderable, taking up for example three to four hours or more 
in grinding, it will be found most economical, and the 
swifest mode of operation, not to use emery, but siliceous 
sand, washing away the sand with plenty of water,» 
adding a fresh quiintity, as soon as its sharpness goes off. 
Emery used in the same way, would be expensive, and to 
grind with it as long as it contained any sharp particles, 
would take up too much time. The siliceous sand may bo 
Mat of the sea-shore, or the sandstone employed for ffrma- 
stones reduced to powder and passed through a sieve of 35 
to 40 wires in the inch, or 1225 to 1600 apertures in the square 
inch. The figuring of a convex glass upon a common 
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Essay IX.—Miscellaneous remarks connected with grinding lenses and specula. 


grindstone, or of a concave glass upon a small convex grind¬ 
stone running in a lathe, may also he practised, regulating the 
work with the gauge of the intended sphere; but this plan is 
not on the whole very convenient, and the glass is frequently 
cracked and broken by the violence of the operation. 

:26. As soon as the surface of glass is in any'degree glazed 
after rough-grinding, the action of any powder not rough 
enough to take otf that glaze or polish, is very remarkably 
diminished. The surface of the glass scorns to Ise hardened. 
Jlence the remark, that “ the artist must allow time and 
patience to bring his glass by grinding to the smoothest and 
iinest surface that he possibly can, before he attempts to 
polish,” is of great consequence, and indeed indispensable to 
success. 

27 to 42. All jnethods yet known for polishing lenses, are 
inferior to that founded upon Sir Isaac Kewton’s directions, 
to use pitch and putty with a slight pressure—polishing as 
directed in Kssay 11. which will produce lenses of the highest 
excellence. C'loth, silk, leather, and all similar substances, 
when spread over the tool, for polishing upon, have defects from 
which pitch is free. The directioji for spreading the polish¬ 
ing powder, in art. 28, are good, and the machines described 
in art. 35 to 40, may be applied to purposes of less nicety, or 
even for lenses, when the glass is exceedingly thick, and not 
apt to be bent under the force applied. In the best optical 
instruments, however, the thinnest glass that, with strength 
enough to retain its ligure, will admit the proper curvature, is 
employed ; because thicker glass would increase the loss of light 
without any counterbalancing advantage. 

45. The use of new pitch as the cement with which glasses 
may be most safely fastened to handles, is particularly worthy 
of note ; and it is certainly advisable to transfer the hint to the 
art of grinding specula. 

46. The manner of working best adapted to produce a 
good figure in rough-grinding and smoothing, is slightly 
ad verted to in aft. 2il; but the equable and varied strokes 
required may be fully understood from art, 106; these particu¬ 
lars being common both to grinding lenses and metallic 
specula. 

47. The artist is left to his choice, either to boil pitch 
till it is brittle, or to use equal parts of pitch and rosin. 
The mixture is not only sooner prepared, but, as observed 
in art. 174, has with its hardness the advantage of greater 
cohesion. 
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The foiloving table of the foci of the object-glasses of 
Dolland’h excellent achromatic telescopes, where two glasses 
only are employed, may be acceptable to those who have tlie 
constmcdon of such telescopes in view ;— 


Diametert of Umfifheres to 
whick the Lenses are ground. 

eh 

m 

Diameters of tlic Spheres to 
which the Lenses arc groand. 

corop'd 

focus. 

Convex 

of crown glass. 

Concave 
of flint glass. 

Incii 

1 ^ 

Convex 
of crown glass. 

Concave 
of flint glass. 

Inch 

Isl.siitr 

inehes. 

24. sidr 
inches. 

.Ist.sidi 

inches. 

2(1. side 
iHches. 

IaI. side 
inehes. 

2d. side 
inches. 

Is/, side 
inches. 


s.a 

> 

5.3 

5.3 

8.8 


35.2 

68.3 

68.3 

96.8 

5.5 

6.4 

10.6 


17.6 


38.4 

63.6 

53.6 

105.0 

60 

9.6 

15.9 

' 15.9 

26.4 

15 


68.9 

68.9 

114.4 


12.8 

21.2 

22.2 

3.5.2 

mM 

44.8 

74.2 

j 74.2 

123.2 

70 


26.5 

j 26.5 

41.0 

25 

4b.O 

79.5 

I 76.5 

132.0 

75 

19.2 

31.8 

! 31.8 

52.8 

30 

51.2 

81.8 

1 84.8 

140.8 

80 

SS.4 

37.1 

* 37.1 

61.6 

35 

51.4 

90.1 


149.6 

85 

25.6 

42.4 

42.4 

70.4 

46 

57.6 

95.4 

0.1 4 

168.1 

90 

28.8 

47.7 

47.7 

79.2 

45 

60.8 

100.7 

100 7 

167.2 

95 

82.0 

53.0 


88.0 


64.0 

mm 

106.0 

I7G.0 

liBi 


The variety of foci, to which the different surfaces of 
achromatic object-glasses are ground, constitutes an inconveni- 
eoce, but not the chief difiiculty which will be^elt in forming 
such glasses, by those who do not propose the manufacture of 
them as a business; and who are therefore anxious that the lenses 
which they do grind may answer the immediate purpose desired, 
without accumulating any stock: the probabibty is, that how¬ 
ever accurately the lenses may he ground to the carves set 
down, a single set of them will not coiiibine so as to produce 
a truly achromatic or colourless effect. The reason is, that 
there is a great difficulty in obtaining crown and ftint glass 
which, when groond into lenses, shall prove exactly aiiapted to 
each other in refracting power. The best metb^ is, to finish a 
considerable number of lenses to the proper foci, from different 
specimens of each sort of gl^, and to prove by experiment 
tnose which perform the be^ in conjunction. 

The crown glass employed, is the finest onality of thf sort 
in ordinary use for windows. • Flint-glass IS that in use for 
table glasses. 

The following directions for preparing very fine flint- 
glass are given by Cazalet of Bourdeanx ;—Put into a jdatina 
crncible, capable of containing twelve oroces of flint-glaM, 
100 parts of pare minium, previously strained threngh a silk 
sieve, 60 parts of purified nitre, one pmrt of very pure and 
very white lime, and 60 parts of very white sand, calcined 
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and pounded in an iron mortar, afterwards washed by ebolli- 
tion with sulphuric acid, and still farther purilied with 
muriatic acid. This mixture, exposed in a bottle glass-house 
furnace, becomes very liquid. At the end of thirty-six hours 
it is poured into pure water, in order to be reduced to a fine 
powder. It must then be washed and pnrifiml in the same 
manner as the sand, re-mclted as before, again thrown into 
water, pulverized, and putrified with the acids, then again 
melted, and at the end of forty-eight hours taken out of the 
crucible, and run upon a plate of copper previously made 
very hot; in this situation it is left to cool by insensible 
degrees. By this method, a very white glass is said to be ob¬ 
tained, free from fibres, spots, &c. and possessing ail the quali¬ 
ties requisite for object-glasses. 

If pure materials be used, and if the crucible, while it 
remains in the fire, be always covered with its cover of the 
same metal, the oxides of luapganese and arsenic are not 
necessary. 

As glass is composed of materials differing in specific 
gravity, these materials, arranging themselves in some mea¬ 
sure according to their specific gravity, are unequally dis¬ 
persed throi^h the glass. Lenses may therefore prove 
imperfect, almongh free from specks or flaws. Hence Dr. 
JBenzenberg, in an essay on the improvement of object glasses 
for telescopes, strongly recommends that the glass be suffered 
to cool in the pots, witliout stirring, and that mass be then 
divided in a horizontal direction, so that the variation may be 
regular over the whole surface, and then, by a proper form of 
the glasses, (upon the achromatic principle the errors of refrac¬ 
tion may be corrected. 

As many who may decline the task of manufacturing an 
achromatic refracting telescope, may yet wish to attempt the 
common refracting telescope, we add the following informa¬ 
tion relative to their apertures and eye-glasses, from Huygens. 
This eminent philosopher, finding his standard telescope of 
30 |eet (the common refractor was the only one known in his 
time) to bear an aperture whose diameter was 3 inches, and an 
eye-glass whose local distance was 3-j^j inches, gave the 
following rule for the apertures and eye-glasses of other 
telescopes: 

Multiply the number of feet in the focal distance of any 
proposed object-glass by 3000, and the square-root of the 
product will give the breadth of its aperture in hundreth parts 
39. VOL. II. 2 F 
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of ui inch, aod the same breadth of the aperture, increased 
by a tenth part of itself, gives the focal distance of die eye> 
glass in hnndreth parts of an inch. 

All lenses which are to be accurately figured and finished, 
must be executed by hand. Machines have hecn invented to 
grind at once large quantities of spectacle-glasses, and other, 
lenses for common purposes, which are sold at a very cheap 
rate, but which would be far from making good telescopes, or 
fit for instruments of high magnifying power, where philoso¬ 
phical inferences were to l>e drawn from the observations made 
with them. One construction fur these machines is this: a 
globe works in a concave cup very nearly a hemisphere, 
which it exactly fils; the globe turns round with its axis 
horizontal; the hemisphere upon the end of an upright spindle, 
consequently its motion is in a direction at right angles to 
that of (he globe. Glasses to be ground concave are cemented 
upon the concave hemisphere; to be convex, they must be 
c€’meiiled to the globe; a spherical surface results from the 
compound motion of the machine. A more detailed account 
of one of the best glass-grinding machines, we shall peebaps 
be able to present to the reader before the close of this work. 
At present it suffices to observe, that the lenses ground in them 
are not the best; and that even if they wer^equal to the 
lenses done wholly hy hand, it would be the most expensive 
mode, for those who only require a few lenses, and these of 
very different foci, to construct a machine for the purpose. 
Machines are wholly inapplicable to tbe grinding of metallic 
specula. 

When a plano-convex glass is required, it might be thought 
sufficient to select a piece of good plate-glass, and for the 
plane side to adopt one of its original surfaces without any 
alteration. But that the surfaces of plate-glass are not 
accurate planes, will be obvious from a review of the manner 
in which glasses of that description are ground and polished, 
and which it may not be imintercstiug to give in connection 
with this subject: S. Bernard published in the Journal Poly- 
technique, a description of the manner of polishing and 
silvering plates for looking-glasses, cast at St. Gobin, but 
the subsequent operations conducted at tbe manufactory in tbe 
Fauxbourgh St. Antoine, at Paris. The plates are conveyed 
from tbe place where they are cast, in frames admitting them 
io stand upon end; these frames are suspended, by very 
Elastic springs, on carriages, which are also bung upon 
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iprings; and between tbe plates are pat, at eertain distances, 
slips of elastic cloth, to prevent their striking against each 
other. The operation of rough-grinding is performed ninch 
after the manner of marble-masons' work in polishing marble; 
one piece of glass being rubbed backwards and forwards upoa 
another, in all directions, with sand and water, and additional 
weights being laid upon the moving piece, as the work ad¬ 
vances. During this operation the plates are bedded in 
piaster of Paris. The truth of the surface is proved by 
rulers and levels. After sand has produced a good surface, 
emery of four or five degrees of fineness is successively em¬ 
ployed. After the use of the finest emery, tbe plate is placed 
upon a reddened piece of woollen cloth, in order that, in the 
course of polishing, the degree of brilliancy attained may be 
perceived. Red oxide of iron (called in England colcothar, 
and by the French rouge d* Angleierre) is employed to polish 
w'ith. This polishing powder is applied by means of a kind 
of brush, the bottom of which consists of a sort of felt or 
velvet; and to assist the workman, it is pressed upon the plate 
by tbe action of a spring three or four feet long. When the 
glass is supposed to be finished, it is placed upon a carpet of 
a dark green eolour, which shows whether all the parts have 
the same brilliancy. Those parts which have not been suf¬ 
ficiently polished appear whiter, and being marked, they are 
gone over again. 

In this account there is no indication of means to produce 
a perfect plane; rulers and levels can discover nothing but 
considerable inequalities and cross-windings of tbe surface. 
The plane will certainly be imperfect unless the production of 
it be the necessary result of the operation. 

In the plate-glass manufactory at St. Helens, near Liver¬ 
pool, which is the only one of eminence in England, the 
process is not essentially difierent to tbe above, but the 
motion and power required to grind and polish are derived 
from machinery. The polish, in particular, is given by a felt- 
rubber, the surface of which is small in comparison with that 
to be polished, and which passes rapidly over every part of 
tbe glass. It would be difficult, perhaps impossible, to 
polish otherwise the large surffices required in plate-glass, 
with sufficient rapidity and certainty; and as the result 
answers the purpose of commerce, there is no temptation to 
improvement, when two surfhces are ground together, in 
proportion as their surfaces adapt themselves to each other. 
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the force with which they adhere together increaseB: this 
adhesion is occasioned by the pressure of the atmosphere; it 
accQiDulates in a Mpid ratio with the surface, and would con¬ 
stitute the difficulty to be encoouterod in polishing large plates 
of glass by a process more correct in its principle than those 
hitherto adopted. 

This account of the manufacture of plate-glass, renders it 
easy to explain appearances that might excite considerable 
surprise. Looking-glasses reputed plane, have exhibited in 
some measure tiie phenomena of concave and convex mirrors, 
especially that of the concave mirror in throwing a faint image 
to a distance before them, it is evident that the plate may 
contain risings or indentations, by the greater or less action of 
a small polisher upon particular parts of its surface, and thcrelure 
will exhibit the appearances in question. 

It will now be evident, that a plano-convex lens, thongh 
made of the best plate-glass, roust have its plane side ground 
again, if required perfectly true: and the grinding and polish¬ 
ing of a plane surface is attended with a greater risk of error 
than any other. The remark in art. 114, applies only in the 
case mentioned : two plane surfaces, though quite true, would 
if ground together, infallibly destroy each other's correctness ; 
and if irregular, no perseverance of grinding would make 
them plane. In the method given in art. 19«-9, if the cor¬ 
respondence of surfaces mentioned does not occur, there is 
no resource but a repetition of the process; the length of time 
required to finish the speculum cannot be estimated before¬ 
hand, as success roust be the result of accident. To this 
subject, thereibre, we must now advert: 

There is but one general method known in the arts to 
produce a true plane; it consisU in grinding and polishing, 
by working interchangeably upon each other, three surfaces 
of the same siae; the three surfaces thus employed, correct 
the errors of each other, and are all of them perfected at 
once: a greater or a less number of surfaces has never 
been found to succeed. To grind a piece of glass, there¬ 
fore, truly flat, let two pieces of iron or brass, for the tools, 
be filed as nearly plane as tiiey can be; the glass itself 
will be the third surface; let the surfaces of glass and the 
iron or brass tools be ground for an equal length of time upon 
each other, chiefly by cross strokes, equally ^ven in every 
direction, but intermixed with circular or elliptical strokes, 
and never suffering the diameter of one surface to pass more 






CLASS II.—PHILOSOPHICAL APPARATUS AND PINE ARTS.221 


E8$ay IX.—Mmellaneoua remarks connected with grinding lenses and specula. 


than a Uiird over that of the other. When the glass is fit to 
receive the last polish, one of the metallic surfaces must be 
used upon the pitch, as much, or nearly as fbuch as the glass, 
and thus all the three surfaces will be kept true to the very 
last. 

To grind a plane metallic speculum, upon this principle, 
first let the speculum be ground upon a piece of sandstone, 
made fiat by grinding it alternately upon two other flat pieces 
of the same sort of stone: then prepare two surfaces of 
pewter by casting them upon a flat stoue or plate of metal 
previously heated; grind the speculum alternately upon these 
surfaces with fine emery; then prepare and use two flat beds 
of hones in the same manner; lastly, in polishing, one of the 
pewter surfaces being covered with pitch, tlie other, first 
perfectly cleared from emery, must be frequently employed, 
especially near the conclusion of the process, to keep the 
speculum and pitched surface true. For an account of the 
art of flat filing, and other remarks on grinding flat surfaces, 
see tlie Panorama of Science and Art, vol. 1. p. 22—32. 

An able and ingenious engineer, Matthew Murray, of 
I^eds, proposes the grinding of flat surfaces by machinery, as 
follows: two grindstones must be fitted up to run with tlieir 
llr.t surfaces horizontal; the under surface of one of tliem 
must lie over the upper surface of the other, and the circum- 
lerouce of the one extend to the centre of the other, as nearly 
as the axes will permit. If these stones be sufiiciently thick to 
prevent their binding; if one of them be constructed to sink, 
or the other to rise, as the stones wear away, and the whole 
machine is steady, the surfaces thus working together will 
form each other into planes; and will communicate their 
flatness to any material ground upon tliem. Iron is reduced 
too slowly by grinding, for the working of any large surface 
of it to be attempted in that way; therefore filing and 
turning is resorted to; but to all the softer metals, this 
machine might doubtless be applied with great effect, and 
produce much more correct surfaces in works of metal than 
we are accustomed to meet with. Plate-glass it would 
certainly work truer to the extent of the dimensions expe¬ 
rience might prove manageable upon it, than the methods 
yet practised. Its application tto plane metallic specula is 
obstructed by the extremely limited demand there is for such 
specula, and possibly it would not be easy to overcome the 
difficulty that might occur in adapting the pitch polisher to 
the motion in question, for a purpose requiring a more 
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exquidte delicacj of 6gare and polish than any other produc¬ 
tion of art whatever. Our allusion to this machine will 
doubtless gratify the curious. 

Putty (the yellow oxide of tin) gives a white lustre to the 
substances polished with it: and colcothar (the red oxide of 
iron) gives a black lustre: putty is therefore the most proper 
for glass, and colcothar for metals. Le Sage observes, on 
another account, that potty is far preferable to colcothar for 
polishing glass; but its much higher price occasions its disuse 
in large works. He says that the sulphate of iron which the 
colcothar is liable to retain, when dissolved in water, is de¬ 
composed, and tlie yellow ochre which results from it penetrates 
the glass, forms a crust on it, and renders it greasy, dull, and 
yellowish, a tint which it communicates to the images of 
objects. Whether this be really the case with good glass, may 
deserve farther examination. In France, where the observa¬ 
tion was made, glass is frequently so imperfectly manufactured 
that in a short period it loses its transparency, hy sponta¬ 
neous decomposition. Hence one of the most eminent chemisls 
of that country, undertook a course of experiments to dis¬ 
cover a simple test for good glass, and he found nothing to 
answer better, that to put a small quantity of the glass to he 
proved, along with some sulphate of iron, into a crucible, and 
to beat the crucible till the sulphate was converted into the 
red oxide of iron. If the clearness of the glass suifer uu 
diminution by this process, it may be depended upon. 

We may mention, while engaged with this subject, a circum¬ 
stance of which we have been assured, that glass, fixed in iron 
frames, in a few years becomes dull, and transmits much less 
light than before. This remark may certainly indicate the 
propriety of never fixing an optical glass in an iron frame. To 
ordinary observation, glass appears to be one of the must 
unchangeable substances; bat the chemist, regarding it merely 
as a mixture of silex and potass, readily admits that it mav he 
decomposed under a gpreater number of circumstances than have 
yet been accuratelv examined. 

60,102. The description of brass, called Hamburg brass is 
probably the same as that which is now generally called Dutch 
brass; where it cannot be met with, there is little doubt that 
English sheet brass, selected of a fine yellow colour, and very 
tough, mav be relied on as excellent for any purpose to which 
that mixed metal can be allied, and it may be used for the 
pnrnose mentioned in art. 162. 

171. Instead of reducing the edge of a grindstone to the 
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curvature of a speculum, it would be much more easy and 
certain to cement a circular piece of sandstone, of soft and open 
grain, upon the chuck of a lathe, and turn it to the gauge with 
a tool of a single point; then while it revolves in the lathe, 
to smooth it with a thin piece of the same sort of stone, the 
breadth of its radios, and made by a gauge to the sphere with a 
chisel or old rasp. In this way the speculum may be figured 
much more regulartv, and sooner, than upon a grindstone. 

When a speculum gets dirty by any means, the only 
fluid with w'bich it can be safely cleaned is alcohol, which 
sliould remain on it for an hour or two, and after being poured 
off, the speculum should be cautiously dried with very soft wash 
leather. £ven a slight tarnish may by this means be lessened; 
but if, afterwards, the performance is not good, the speculum 
must be polished anew. 

The effect of galvanism in tarnishing a speculum docs not 
appear to have been yet attended to; but it will always take 
place, in a greater or less degree, where two different metals, 
as the speculum in the cell of the brass tube, lie for a consider¬ 
able time in contact, especially in a damp atmosphere, when 
llie metals become covered with moisture, This may suggest 
the propriety of taking specula out of their tubes when not 
likely to be soon want^ tor use, and keeping them in a box or 
drawer made of wood, baked and varnished, to render it a 
non-conductor of electricity. 

From the mean result of a number of experiments, made 
by Captain Henry Kater, it appears that the light of a 
Cassegrainian telescope to that of a Gregorian, of equal 
power and aperture, is at the least as 20| to 10; a circumstance 
which is of g^eat importance, and will render the Cassegrainian 
telescope by much the most desirable in all cases where the in¬ 
version of objects is of no consequence. 

In forming the several parts of a complex machine or in¬ 
strument, it is very important to consider diligently what 
principle will best ensure their correctness; bat as mechanical 
execution, from imperceptible sources of error, is always 
falling short of the exactness contemplated as the result of 
carrying the principle into effect, it is also of importance^ to 
have the readiest and best means of ascertaining and checking 
such deviations from the perfection desired, before these parts 
are combined, and the difficulty increased of perceiving the reaf 
cause of the defect. To prove the figure of a lens or a 
speculum, for example, the process of measurement, or the 
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use of a gauge, can afford no aid ; but the properties which 
nothing but their correctness can ensure may be found out by 
due investigation, and if they have these properties, the proofs 
of their excellence may attain the certmnty of geometrical 
demonstration. The more we can extend and simplify 
.such eflcctual means of proving correctness of workmanship, 
the more will the arts improve, and the less will be the expense 
of their productions. These observations, applied to the 
separate parts of the machine, apply equally to the combining 
of them, in which the object should be to follow the plan 
admitting the most distinct proof of the trutli of their adjust¬ 
ments. The essays of the present series illustrate these 
remarks, in a manner that may give utility to the following 
summary, which comprises only a small part of what might have 
been derived from them: 

1. The method of examining the figure of a speculum, in 
art. 74— 76, is worth notice, though superseded by the more 
agreeable and concise method of art. 113, which applies to 
metals as left by the hones; one mode of proving the figure of 
a finished metal is given in art. 141, &c. but the simplest and 
most Complete at page 198. 

2. If a hole be made in a finished speculum, or even any 
attempt to widen a hole, the figure of the speculum is 
destroyed, art. 123. 

3. A speculum with a hole in its centre, cannot be polished 
and brought to a good figure, unless there be a corresponding 
bole in the polisher, art. 123—4. 

4. If the work on the hones be well done, the speculum 
will not have a good figure, unless the polish commences in 
the middle, which is an evidence that the mode of working 
tends, as it ought, to the parabola, art. 125. 

5. If a convex surface be ground upon a concave, the 
spheres will flatten; but if the concave be uppermost, the 
spheres will deepen, art. 43. 

6. If tin and copper be melted together in the same vessel, 
part of the tin oxidizes; and the oxide, being diffused through 
the alloy, prevents a good speculum being obtained ;—the best 
mode of preventing this effect upon tin, is given in art. 165, 
and upon brass, in p. 194. 

7. An elliptical tool necessary to complete the figpire of a 
specula to a parabola, art. 171, 178. 

8. A tool considerably larger than the metal lessens the 
sphere and spoils the figure: metal and tool of the same size 
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exactly, work truly spherical; but the focus varies, agreeably 
to remark 5 above, unless worked alternately upwards. 

9. So much water may be used upon the bone-pavement as 
to spoil the figure, art 172. 

10. The metal may be made so thick as never to take a 
' parabolic figure, 173. 

11. The directions p. 199—^202, for centring the mirrors 
of a telescope; for adjusting the arm which carries the small 
speculum; for obtaining the parallelism of the two specula; and 
for placing the small one in the axis of the tube, exemplify 
the success with which the separate parts of a mechanical com¬ 
bination may be proved by their properties. 

Of all philosophers now living, the celebrated Dr. Herschel 
has had perhaps the greatest experience, and has been tlie 
most successful in the use and construction of reflecting tele¬ 
scopes. A valuable account of his telescope of 40-feet, and of 
the machinery for managing it, are given by himself in the 
Philos. Trans, of the Royal Society, but he does not enter 
upon the details of grinding and polishing the speculum, a 
subject upon which his observations would have been ex- 
ti'cnicly valuable, and we may hope that he will take some 
occasion of presenting them to the public. We close this 
essay with the following remarks, abstracted from his contri¬ 
butions to the Philos. Trans. 

Tn his paper of observations on the transit of Mercury, 
Nov. 9,1B02, he has made some highly curious observations on 
circumstances which affect telescopes : 

On a frosty morning, one of his telescopes did not act 
properly, though at other times it had. One morning, a 20- 
feet speculum went off, and broke into two pieces, with a 
crack. Hoar frost does not seem to injure mirrors. Dry air 
does; damp does not. 

The northern lights do not seem to interfere with telescopes, 
except that objects appear tremulous. In windy weather, 
stars resemble planets, and the telescopic view is bad, though 
the stars appear well. Even when the weather appears line, 
the best instrument will sometimes not act. 

The vicinity of a building renders objects indistinct. A 
telescope, the moment it is brought out, will often not act well, 
though, after an hour's exposure, it will succeed. 

A confined place will prevent the proper action of a 
telescope. We cannfit expect to make a delicate observation, 
with a high magnifying power, when looking through a door, 

40. VOL. II. ' 2 G 
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window^ or sUt in the roof of an observatory : even a confined 
place in the open air will be detrimental. 

Ueat will alter the focd length of a mirror : one of 10 feet, 
had its focus increased of an inch by the sun’s rays. At 
another time, a hot iron, placed at tlie back of a seven-feet 
reflector, at the distance of three-quarters of an inch, had its 
focus shortened 5.33 inches in minute. At three inches 
distance of the hot iron, the focus was shortened 2.83 inches. 
A thermometer, in contact with the mirror, was hardly observed 
to have risen during these alterations. 

The following general principle was deduced from numerous 
experiments: “ That in order to see well with telescopes, it is 
required that the temperature of the atmosphere and mirror 
should be uniform, and the air fraught with moisture.” 

A 40-feet telescope should only be used for examining 
objects tliat other instruments will not reach. To look 
through one larger tlian is required is a loss of time, which, 
in a fine night, an astronomer has not to spare; but it ought 
to be known, that the opportunities of using the 40-feet re¬ 
flector are rendered very scarce by two material circumstances. 
The first b, the changeable temperature t>f the atmosphere, 
by wMcil the mirror is often covered with the condensation of 
vapAnr afmn its surface, which renders it useless for many 
hours; and in cold weather by freezing upon it for the whole 
night, and even for weeks together; for the ice cannot be 
safely taken off till a general thaw removes it. The next is, 
that, witli all imaginable care, the polish of a mirror ex¬ 
posed like that in the 40-feet telescope, though well covered 
up, will only preserve its required lustre and delicacy about 
two years. 

TTbe 20-feet telescope, on account of the moderate weight 
of the mirror, and the proportionably long wooden tube, has 
the great advantage that, with proper precaution, it may bo 
used in any temperature. Sometimes, however, a sudden 
change from cold to heat towards morning, has put a atop to 
the observations of the night. The mirror will also preserve 
an excellent polish for several years; and having a second one 
ready to supply the place of that which is in use, the instrument 
may always be ready ifor observation. 
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'Method of oi'nameniing all hinds of Crlass in imitation 
of Engraving or Etching, 

By this invention, for which a patent was taken out, it is 
proposed to execute on glass, borders, ciphers, coats of arms, 
and the most elaborate designs, in a style of elegance hitherto 
unknown, and which cannot possibly be equalled by the modes 
of etching and engraving upon the same material, as hitherto 
practised. This iihprovement is •cflected by coating, and 
afterwards etching, engraving, and chasing on the glass so 
coated : and in its explanation it may be proper to advert to the 
ordinary processes. 

The method heretofore u.sed for engraving and designing 
upon glass, consists in the use of a jnachine with wheels of 
difierent substances, which have been employed with a sharp 
stone in powder, as emery or sand, to grind ofl“ some parts of 
the surface (»f the glass; atid tlmn, by means of more or less 
grinding and polishing dilfereut parts on the rough surface, 
the intended design is produc€‘d. And the usual met|itdl''uf 
grinding window-glass, for the purpose of making blind 
windows, has been by meabs of a machine moving on the 
surface of the glass in contact with sand or sharp stone, or 
the like substances applied by the hand, thereby grinding 
olf llie polished surface, leaving the glass sufliciently opake to 
prevent any objects being clearly distinguished through it, and 
yet affording sudicient light for common purposes. Now the 
present invention and object of the patentee, instead of grind¬ 
ing or taking off any part of the surface of the glass as afore¬ 
said, is to lay on an additional surface or coating of glass, 
prepared for that purpose, which, when subjected to a proper 
degree of heat, will incorporate with the surface of the glass 
operated upon, so as to produce an effect similar to that which 
has heretofore been obtained by means of grinding; and when 
it is required that the glass should be ornamented with a 
border, cipher, or design, then, previous to the application 
of heat, with an etching, engraving, or chasing tool, or other 
pointed instrument, such parts of the surface or coating so laid 
on must be worked out as will produce an effect similar, but 
greatly superior, to the effect produced by the usual mode of 
grinding and polishing with wheels. 
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To prepare the glass for coating, take one or more of the 
smallest pots in the furnace, called by the glass-makers pile- 
end pots, or any other pot or crucible, according to the 
quantity wanted ; till it with materials made up in the same 
manner as for making the best flint-glass, broken glass, or 
what the glass-makers term cullitt, being tiie principal ingre¬ 
dient ; and the proportions which the Patentee has used with 
the greatest advantage are the following : 

Mixture No, 1. 


Cullit, or broken glass .... 100 parts. 

Pearl ashes.10 do. 

Red lead . . .*.40 do. 

Arsenic.10 do. 

Mixture No. 2. 

Cullitt, or broken glass . . . 120 parts. 

Red lead.KK) do. 

Sand, or siliceous earth . . . 00 d<i. 

Borax.(>0 do. 

Mixture No. 3. 

Red lead.70 parts. 

Sand, or siliceous earth ,. . . 22\ do. 

Calcined borax. 40 do. 


When the above mixtures have been subjected to a degree 
of heat in the furnace suflicient to fuse and completely vitrify 
the substances employed, the Patentee then takes of each 
mixture, in eijual parts, the quantity which is to be ground 
and levigated into an impalpable powder, and to be mixed 
with a menstruum proper to give it the cohesion required in 
working with it. 

Litharge may be substituted for red lead in the above 
mixtures; and difierent proportions of the above ingredfents, 
or others of a like quality, will produce nearly a similar eflect; 
but the most beautiful specimens were produced by the com¬ 
binations above specified. The patentee does not claim any 
exclusive right to the making of this glass, but to the ajipliea- 
tion of it to the surface of other glass, and for operating upon 
it in a manner entirely new, and for producing an eflect superior 
and (liflerent to any tiling hitherto produced. 

The glass may be levigated in any of the usual modes, 
taking care that no injurious substance is introduced, and 
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that the utmost degree of fineness is obtained vhich the 
powder is capable of; and for this purpose the patentee prefers 
a small mill with a pan, the bottom and sides of which are 
strong glass, with a grinder or levigator, cast also of solid 
glass, to work therein. When thus prepared by complete 
levigation, the glass is ready for mixing with the following 
menstruum: 

Take one part of double-refined loaf sugar, dissolved in 
two parts of pure water, to which, at the time of mixing up 
the powder, add about one third part of common writing ink, 
the component parts of which are universally known; or 
instead of ink, use a watery solution of calcined sulphate of 
iron (green copperas); the efl'ect produced by tlie addition of 
either of these latter substances is intended to be similar to 
that which is produced by the addition of oxide of manganese, 
used in small quantity by the glass-makers in making their 
best flint-glass, because without such addition the specimens 
had a cloudy or milky appearance, somewhat similar to what is 
termed bv the workmen in the glass-house shoppy metal, and 
which quality and appearance the addition of the above- 
mentioned oxide tends to prevent. The oxide of manganese, 
or possibly other oxides, may produce the same effect here, 
but the ink, or the sulphate of iron, are snfiiciently cheap to 
warrant their general use, and they fully answer the purpose 
reqiiired. 

Take of the compound menstruum above described, a suf¬ 
ficient quantity to render the ground mixture or levigated glass 
of a proper consistence for laying on with a very thin and 
even surface, and which necessary quantity and consistency, 
as well as the necessary thickness of the coating to be laid on, 
the operator will soon and easily ascertain ; and as in the course 
of working or laying on the mixture some of the watery parts 
will evaporate, he must add, as occasion requires, the necessary 
quantity of the solution of sugar. 

The advantages of the simple mixture of sugar and water, 
over essential oils, gums, resins, and other substances which 
have been tried, are very important; when any of the oils, 
gums, or resins was used, the coating bepame so firm upon the 
surface that the workman could not proceed without ditiiculty, 
and the delicate parts of the designs could not be etched out 
willi the nicety and precision required ; but the menstruum of 
sugar and water renders tlie coating sufficiently fixed to pre¬ 
vent the surface from being rubbed oft’ whilst the work is 
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under b»Dd; juid when the workman wishes to operate upon 
any particalar part of the surface, he has oul^ to breathe upon 
that part, by which means the menstruum imbibes suflScient 
moisture to render it soft and pliable to the tool, while those 
parts not breathed upon remain as fixed as before. Other 
snbstances may probably be found which will produce the 
same effect, but the one pointed out possesses all the advan¬ 
tages required. 

When the levigated mixture is prepared by mixing it with 
the menstruum, it may be applied to the surface of the glass to 
be operated upon by means of brushes of squirrel's or camel’s 
hair, by which it may be laid on with a very thin and even 
surface; and the most convenient form of the brush is to have 
the point spread out, and so disposed as to form a crescent or 
segment of a circle. The size of the brushes must of course 
be proportioned to the nature of the work to be performed. 

After the coating has been applied evenly over the surface 
of the glass, and if no part of the surface covered is intended 
to be polished or worked out. the glass is then exposed to a 
heat sufficient to produce a semi-vitrification of the coated 
surface, and to incorporate it sufficiently with the substance 
or body of glass so coated ; but great care must be taken not 
to extend the degree of heat farther than is necessary for these 
purposes, because in that case a complete vitrification of the 
coating would ensue, whereby the desired effect of having a 
surface in imitation of the rough surface produced by grinding 
would not be obtained ; and although, when such an accident 
dues occur, the article may be recoated and again submitted to 
the lire, the loss of labour would be considerable, and may, by 
a proper attention to the necessary degree of heat, be easily 
avoided: and if, after this coating has been applied, any 
border, cipher, coat of arms, or other ornamental design, is 
wanted to be executed upon the article, then previous to the 
heat being applied, with an etching, engraving, or chasing 
tool, or any oilier pointed instrument of sufficiently hard 
material, such parts of the coated surface most be worked out 
as will produce the desired effect. The glass operated npon 
must then be subjected to heat, which, as before-mentioned, 
must not be such as to produce more than its semi-vitrification. 

Thia invention is not only applicable to all kinds of useful 
and ornamental articles of glass-ware, whereon the common 
methods of engraving have been practised, but may be applied 
to window-glass and plate-glass of every description, in place 
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of grinding, for the purpose of making blind vrindows: and 
it is peculiarly adapted to produce beautiful specimens of art 
for the windows of altar-pieces libraries, museums, coach- 
windows, ornamental buildings of all descriptions, and all 
other purposes wherein plate-glass and window-glass have been 
commonly used. 

The work executed upon this plan has also the advantage 
of wearing much cleaner than that of ground glass ; the surface 
of which being somewhat fractured by the action of the wheel 
and cutting material, inevitably gathers dirt on every part left 
rough or unpolished. 


An expeditious Method of determining Altitudes^ of 
every denomination^ with a new porlahlc Mountain 
Barometer; and a description of the Instrument. 

The mensuration of heights by the barometer has been, by 
the labours of M. de Luc, Sir George Shuckburgh, General 
Roy, and several other scientific men, brought to such perfec¬ 
tion, and affords so much easier a mode ot ascertaining the 
elevations of the different parts of the surface of the earth, to 
a considerable precision, than any other known process, that 
it might have been supposed that, in the course of thirty years, 
which have elasped since this branch of science has been per¬ 
fected, a very great number of observations would have been 
made, and heights of almost the whole surface of our own 
country ascertained by the numerous travellers who con¬ 
tinually traverse it. T^e contrary is, however, the case; and 
the small number of observations of this kind may be attributed 
to several causes. 

The instruments are of considerable expense, and, from 
their complicated construction, easily liable to be out of order 
in the course of a long journey. 

The observations themselves, though each not taking up 
any very long time, yet, when multiplied on every hill and 
valley, as they ought to be, for the purpose of obtaining a 
just idea of the face of the country surveyed, in the aggre¬ 
gate consume much of the traveller’s time: and the constant 







232 COMPENDIUM OP PRAOTICAI. INV'ENTJUNS. 


Sir ll. C. Englejii’ld's mountain barometer. 


unpacking and re-packing the instrument, becumes a greater 
labour than our natural indolence easily submits to. 

It has, moreover, been generally supposed, that two in¬ 
struments and two observers making simultaneous observations 
at the upper and lower stations of the height to be measured, 
are indispensably necessary. This, of course, would pot it 
out of the power of a solitary traveller to make any observa¬ 
tions at all. 

Whether from these, or other causes, the fact is, that 
whoever reads the numerous tours, surveys, and reports of 
the different parts of our island, published within these last 
twenty years, and many (*!' them professedly with a view to 
science, either of agriculture, mineralogy, or geology, will 
be perpetually disappointed, by meeting with mere guesses at 
the elevations of the tracts of country described ; though a 
knowledge of those elevations is almost indispensable to the 
geologist, mineralogist, and military surveyor; highly useful to 
the scientific agriculturist; and very interesting to every one, 
who, from mere motives of enlarged and enlightened curiosity, 
reads books of travels, or employs his own leisure in traversing 
the countries described by other voyagers. 

I cannot therefore hut hope, that by simplifying the barome¬ 
ter, and thereby rendering the instrument much less expensive, 
and its use at the same time more easy, and showing that very 
considerable accuracy may be obtained by a single observer, 
this most useful branch of science may bo cultivated, to so 
great an extent, that, in the course of a few years, we may 
have almost as perfect an idea of the relative heights of the 
different parts of England, as we now have of their horizontal 
distance. 

A barometer, nearly similar to that which 1 am now about 
to describe, was constructed, several years since, by Dr. 
Hugh Hamilton, and is by him described at large in the fifth 
volame of the Transactions of the Irish Academy. I saw the 
instrument, in his hands, nearly seventeen years ago, and 
was much pleased with its performance. I do not know, 
however, that any more were then made. I have lately con¬ 
structed the barometer, whose description I shall now give, 
which is still more simple than Dr. Hamilton’s, and much 
cheaper, and which, in many trials 1 have made of it, appears 
to unite solidity, lightness, and ease of observation, to as 
great a degree as can be wished. 

The barometer tube is abont 83i inches in length; its 
bore is a tenth of an inch in diameter, and its external diaine- 
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ter h fhree-tenttis of an inch. This sized bore is fully sufficient 
to ^Uow the free motion of the mercury,* This cistern is of 
box-wood, turned truly cylindrical, and is one inch in its ex¬ 
ternal depth; a dbiert stem projects 

from its top (the instrument bein^ in a position for maxing an 
observation) for the purpose of giving a firmer hold to the 
tube: this stem is perforated with a hole sufficiently large to 
admit the tube, which is glued to it in the usual mode. The 
tube projects into the cistern exactly to half its depth. The 
bottoin of the cistern is closed by a strong Ud of box, which 
screws on the cistern, and pressing against a leatlier glued to 
the inside of the lid, renders the whole perfectly impervious 
to the mercury in every position. The tube being filled and 
boiled in the common way, and the instrument held inverted in 
a perpendicular j)osition, mercury is poured into tbe cistern 
till it is filled within two-tenths of an inch at tbe top. Tbe 
lid is then firmly screwed on, and secured from being opened 
(by idle curiosity) by a small screw passing through its side. 
The essential part of the instrument is now finished. Tbe 
end of the tube in the cistern, can never be uncovered by the 
mercury in auy possible position, and of coarse no air can 
ever enter into it; and, as the areas of the cistern and tube 
are as tbe squares of the diameters, tbe diameter of the bore of 
the tube being T, its external diameter *3, and (be diameter 
of the cistern 1*0, the area of the cistern is 100—0 91, and 
there being two-tenths of an inch left empty in the cistern, 
the mercury must fall i82-tenths, or 18 inches and two-tenths, 
before the cistern is quite full: a space -adequate to tbe 
measure of greater heights than any known mcuiidain on tbe 
earth, mQch more to that of any height in this country. It 
w;iU not easily be believed, by those who have not seen it, 
that tbe air will act on a cistern thns completely closed, and 
of \(rhiqb the wood, in its thinnest part, is above a quarter of 
an incliin thickness ; bat tbe fact is, that even when (be pores 
of (;he hoxyvQod are closed b^ thick varnish, (except in that 
part which touches the mahogany tube,) in order to prevent 


juii ... . — ...—...---— 1—1 ... .. I , — 

' * Severjd of the barometers were constracted.wUh die lever part^.the tube 
only a tweatiedief-anbDehsin bore, tomewbat,ea the ptindple of (he marine 
barometers, "[as made, becpi;iue, in some few instances, when 

vwj |Bacei^ly,nie^,)eirbiw cot into the tube, but upon minute investigation, 
the simple tube was {bond tolm prefimAle. 

40. VOL. II. 2 H 
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the wood from being affected by damp, the mercnry, on tam¬ 
ing up the bmrometer, takes its level almost instautaneonsiy, 
certainly in less than half a minute, and that, when the instru¬ 
ment is suspended by the side of the best mountain barometer, 
of Ramsden’s construction, with an open cistern, no difference 
whatever can be perceived in their sensibility to the variations 
of the atmosphere. It is obvious that the* variations of alti¬ 
tude in this instrument, its dimensions being as above stated, 
will be one ninety-first part less than in a barometer furnished 
with an apparatus for bringing the surface of the mercury in 
the cistern to a fixed level; this defect might be remedied by 
dividing the scale accordingly ; but it is much more convenient 
to divide the scale to rem inches, and make the necessary 
allowance in the result. 

The tube and cistern being thus prepared, are mounted in 
a mahogany tube or frame of the sizo of a common walking- 
stick. The stem of the cistern goes into the mahogany tube, 
and is there secured by a piece of brass tube, which tits to the 
cistern and mahogany frame to which it is screwed; or the stem 
may be on the outside, cut into a screw, and so be screwed 
into the mahogany tube. The tube is secured in the mahogany 
case by passing through perforated corks in the usual way. 

For the observation of the height of the mercury, two 
opposite slits are cut in the mahogany tube, reaching from 
about 32 to 20 inches for the long scales ; and 32 to 25 inches 
for the short ones: which are sufliciently long for any pur¬ 
pose in this country. The front slit has its sides bevelled, 
and is, exteriorly, about three-fourths of an inch wide; on 
one side is fixed a brass scale, divided as usual to inches, 
tenths, and twentieths. On this scale a nonius slides, move- 
able by a small knob, which reads off, as in other barometers, 
to the 500th of an inch. To this nonius a small portion of 
brass tube is attached, whkh embraces the barometer tube, 
and its lower edge is, in observation, made a tangent to the 
convex surface of the mercury, as in other well-constructed 
barometers; and the very narrow slit behind gives abundant 
light for observation. 

On the bevelled side of the front slit, opposite the scale, 
a thermometer is placed for taking the heat of the instrument; 
^nd there i* room for the scale of correction, placed on Rams- 
deit** attached thermometers, as well as Fuireiiheit’s scale. 

thermometer is so contrived as to take out of its place, and 
answWs the purpose of the attached and detached thermometer. 
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A thin brass tube, with slits in it, turns half round, on two 
pins, in the usual manner, and covers the apertures above 
described in the mahogany tube when the barometer is not in 
use. 

The mahogany tube is made rather tapering, and: with a 
ferrule at the end opposite the cistern. This ferrule unscrews, 
and shows a steel ring, by which the barometer may be sus¬ 
pended when cqnveaient. 

Along the mahogany tube is a scale of feet, carefully divided 
to inches; the feet being accurately laid down by small dots, 
on the heads of brass pins, sunk into the wood. A scale of this 
kind is always convenient, and may be often of great use. 

To those travellers whose pursuits may lead them to the 
measures of the higher class of mountains, 1 would venture 
to recommend a barometer constructed with a tube of two 
feet long only; so that the whole instrument should not much 
exceed 25 inches in length. This barometer would not of 
course be useful until the mercury fell below 24 inches, which 
would be at a height of about 6000 feet in the atmosphere; 
but its great portability into regions where, from both the dif¬ 
ficulties of the path, and the rarity of the air breathed, every 
ounce of encumbrance becomes a serious evil; and moreover, 
the great security to the instrument itself, arising from its short¬ 
ness, would, 1 am persuaded, render it well worth while to 
carry such instruments where great altitudes are to be mea¬ 
sured ; and it is to be remembered that the instrument loses no 
part of its accuracy, when it once comes into action, by being 
thus shortened. 

Having thus described the instrument, a few practical re¬ 
marks on the manner of using it may not be superfluous. 

When 1 am about to make an observation, aliout five 
minutes before 1 arrive at the place I take out the thermome¬ 
ter, holding it by the upper end at nearly arm’s length from any 
body, and, if the sun shines, in the shade of my person. It 
very soon takes the temperature of the air, and is not sensibly 
aflected by the heat of the hand. The heat being observed 
and written down, the barometer is turned up ; the brass tube 
half-turned; and the instrument held between the finger and 
thumb of the left hand about the slit, so as to let it hang 
freely in a perpendicular position. Few persons, if any, have 
sufficient steaoiness of hand to prevent little vibrations in the 
mercury in this position ; the hand, therefore, should be either 
rested against any fixed body, or, if no such occurs, by 
kneeling on one knee. The cistern should be let down so as 
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to touch th^ groati4i the )eft baud holding tiie baroiuatet' in a 
vjertical poHlieD, whieh a iittie practice wiU rendet- vei-y easy. 
The index moat then by moved by thp knob till ite under sur¬ 
face, as before stated, is tangent to the mercury. A few light 
tape should be gtvmi te the tube» to aroertaio tlmt the mercury 
has fallen as low as it can. llie height being then read off and 
registered, together with that of the attached thermometer, the 
brass tube is turned back, so as to cover the slits; the instru¬ 
ment gently inverted, and the whole is finished. All this may 
be done in two minutes. 

It may not be improper here to add, that 1 have found by 
experience, that it is not necessary to quit the chaise in order 
to make observations with this barometer; it is only requisite 
for the horses to stand still. The thermometer, if held at 
arm’s length out of the chaise window, will give the tempera¬ 
ture exactly, before the order is given to stop the carriage; 
and the delay to the traveller w'ill not much exceed a minute, 
as the observation may be read off and written down while the 
carriage is again goii^ on. 

The most convenient mode for deducing the heights from 
the barometrical observations is, certainly, by tlie ceiiimon 
logarithmic tables; and it is unnecessary here to detail the 
method, which may be found in numerous books. It is, 
however, necessary for this method to carry the tables of 
logarithms, which is sometimes inconvenient. The engraved 
table formed by Mr. Ramsden is on a single narrow sheet, and 
extremely portable, besides being very easy in its use; bot it 
may be lost or mislaid when wanted. Several ingenioftB 
formulae have been devised, which may either be engraven on 
the instrument itself, or committed to memory. Of the foimetE, 
Sir George Shuckburgh has given a very concise one, in his 
second paper on the measurmnent cf hmgnts by the barometer, 
in the 68tb volnme of the Philosophical Transaetions; and 
Professor Leslie has, invented u very elegttnl ohe of the 
latter sort; but these, though very simple 4n tbrte, require a 
considerable number of figures in tbe nperatioak and ar^ on 
that account, inoonvenient. For the purpose, therefore, et 
computing on tbe spot, and vm'y neew to tbe tnAh, eny (ob¬ 
servations made on a gurney, and that, tlmost without the 
necessity of writing at ah, 1 have caused the Ibttowing hboit 
table to be engraven on the scale of the hatSMsieter. Ctme- 
presses tbe vatne of tbe difference of the tenth 'cf an «noh in 
the height of the mercury at the t«nperat«re «of iraezitogv w 
English feet. 
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Inches. 

Feet. 

Inches. 

Feet. 

2006 

130 

22-25 

117 

•20 

129 

•45 

116 

•85 

128 

•65 

115 

•30 

127 

•85 

114 

•66 

126 

23 05 

113 

•82 

125 

•25 

112 

2100 

124 

•45 

111 

•18 

123 

•65 

110 

•35 

122 

•87 

109 

• 5:1 

121 

2410 

108 

•70 

120 

•32 

107 

•K7 

119 

•66 

106 

22*05 

118 

•60 

105 


Inches. 

Feet. 

Inches. 

Feet, 

25-05 

104 

28-35 

92 

•30 

103 

•65 

91 

•55 

102 

•95 

90 

•80 

101 

29-27 

89 

2605 

100 

•61 

88 

•30 

99 

•95 

87 

•57 

98 

30-30 

86 

•85 

97 

•65 

85 

2715 

9(J 

3100 

84 

•45 

95 

•37 

83 

•75 

94 

•75 

82 

28 05 

93 

3210 

' 

81 

! 


The method of using this table is as follows:—1st, Add the 
two observed heights of the barometer, and halve the sum to 
obtain the mean height. 2nd, Subtract the lesser height from 
the greater, the remainder is of course the difterence of 
heights in tenths, &c. of an inch, drd, Enter tlie table with 
the mean height, and take out the feet answering to it, 
making a proportion, if the mean height does not exactly 
answer to a foot, (This proportion may be made l)y head.) 
Multiply the number thus obtained by the tenths, &c, of an 
inch of ditference of height. TIk* result will be nearly the 
number of feet, answering to tbe diflerence of height between 
the two barometers at the tem]>eratnre of freezing. When tbe 
lower barometer stands between 29 and 30 inches, and tbe 
elevation does not exceed 1500 ieet, this rule will give the 
height within one foot of the result from the logarithmic 
method. When tbe elevation is about 3000 feet, &e error 
will be nearly three feet, and at heights greater than 3000 
feet, the error increases in a higlrar ratio, it is always in 
defect. In this country, however, sodi elevations do not 
exist; and in thftse parts where a knowledge of the compara¬ 
tive heights ‘of ditferent hills is the most generally useful, they 
seldom exceed 1000feet; at all events, such observations as 
relate to great elevations may be always rooompoted by more 
rtgorons methods at leisure. 

The coirreefthm of the heights thus obtained, for the tern- 
•peitrtnre ef the aiit above freeafirng, is by Sir George Shuck- 
burgh supposed to be as the height of the thermometer, and 
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to be 2'44>tbousaiidths of the approximate height for each 
degree of Fahrenheit, additive when the tempering is above 
freezing, and subtractive when below freezing.—General Roy’s 
observations and experiments lead to a supposition that the 
correction is not exactly as the height of the thermometer, 
and that at about the temperature of degrees it amounts to 
2’5-thousandtbs, and is less, botli much above and much below 
that temperature. For the purpose of immediate computation, 
I take the correction at 2*5, which, though certainly rather loo 
great, will in general be productive of very small error, and 
affords a rule which is easily remembered and quickly applied. 
It is this:— 

For every four degrees that the mean temperature of the 
tw'O detached thermometers exceeds 32 degrees, add one- 
hundredth of the approximate height, as before obtained, to it; 
for every 40 degrees one-tenth, and so for any greater or less 
number of degrees. 

I have not hitherto mentioned the correction, which in fact 
ought to be the first in order, viz. that for the diOerence of 
temperature of the two barometers themselves : but this ijor- 
rection is in general so small, as to be safely neglected. 
Should it, however, be thought necessary to apply it in this 
approximate method of computing heights, the rule deduced 
from Sir George Shuckburgh's method is as follows, and it wants 
no table, though he has given one for it. 

When the barometer stands at twenty inches, the expan¬ 
sion of the mercury for one degree of Fahrenheit, is two- 
thousandths of an inch ; when it stands at 30 inches it is tliree- 
thousandths; and for the intermediate inches it increases 
exactly as the height of the mercury ; that is, at 21 inches it is 
*0021, at 22 inches *0022, and so on; so that the height in 
inches is the number of ten-thoosandtlis of expansion for one 
degree of Fahrenheit. This is very easily remembered. The 
expansion for any number of degrees is in proportion to the 
degrees themselves ; that is, for two degrees it is twice as 
much, for ten degrees ten times as much, and so on. Take, 
therefore, the diflerence of height of the attached thermon^ters 
at the two stations, and multiply the expansion for one degree 
at the coldest barometer, (which will almost always be the 
one at the highest station,) by the number of degrees of dif¬ 
ference between the heat of the two barometers, and add the 
quantity to the observed height of the coldest barometer, and 
it is corrected for the expansion of the merenry by the beat of 
the instrument. 
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A.n example will make the whole clear:— 

Inches. Therm, attadied 

Observation at bottom. 29*400 . . 50^ 

-at top. 25*190 . 46 

Difference 4 


Expansion for 1” at twenty-five inches. *0025 

Multiply by difference. 4 

•0100 


One hundredth of an inch is therefore to be added to the ob¬ 
served height of the upper barometer 25*190, so the corrected 
height is 25*200. It is, however, to be observed, that the 
application of this correction is of doubtful accuracy in prac¬ 
tice ; as it is by no means certain that the attached thermome¬ 
ter, be it placed where it may in mounting, will give the real 
heat of the column of mercury in the barometer, and there¬ 
fore 1 had at first said that it might on the whole, in general 
practice, be neglected. If much accuracy is wished, and time 
permits, the surest way is to leave the barometer in the shade 
so long as for the whole instrument to acquire the tempera¬ 
ture of the air, and then to make this correction according to 
the rule given above, from the difference of the two detached 
thermometers; and this barometer, from the lightness of its 
mounting, will have the advantage of taking the temperature of 
the air sooner than those formerly made with solid wooden cases. 

It may not be improper to give an example of the method 
already detailed: — 

Observation at bottom ...... 29*400 Therm, in air 45® 

-at top. 25*200 Therm, in air 41 


2)54*660 

Mean.^*300 


Difference.42 tenths 

Value of a tenth by the table . 95*5 feet 

3820 


2)86 

Mean heat . 43 
Standard . . 32 

Difference 11 


Approximate height.4011*0 feet 

Do. by Sir G. Shuckburgh . . 4016*0 

Error . , . —5 feet 
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Correetiom for Timpaviurt* 

For 8* s S-linndredtiis . . . T.80 feet 

For d* = 3 foar-hondredths. . 90 

Correction .... + 110 

Do. by Sir 6. Shackbnrgh. 107*4 

Error.+ 2*6 


Approxijnate height by me '. . . 4011 By Sir G. S. 4016 
Coreection for temperature .... 110 107*4 

Result.4l^ ilMl 


Example Second. 


Observation at bottom .... 

. . 30*017 

Thcrib. in air 60® 

-— at top. 

. . 29*534 

Therm, in air 57® 

2)59*551 

2)117 

Mean . . . 

. . 29*275 

Mean.... 58*5 

Difference 

. . . 4*83 

Standard. . 32 

Vaiae ef a tenth by the table. 

. . 87-5 

Difference . . 26*5 


360*0 



70*00 



2-625 

Approximate height.^22-625 

Do. Sir G. Sfaackburgh. . . . 422-9 

Errm: . . . 00-3 


Correction for Temperature, 

Fmr 24® z: 6 hundredths. 

2=2 four-hundredths. 

Is;:! eight-hundredth. 

Correction. 

Do. by Sir G. Sbnckbnrgh 

Error. 


. . • . 25*3 
. . . . 2-0 
.... 0*5 

• * • - 
. . »♦• 0*6 


Approximate height by me . . . 422-6 By Sir G. S. 422*9 
Correction for temoMatore • . 4- 27*8 27*2 

450*4 466*1. 
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These two examples show hpw near the truth the method 
here recommended will come, even in considerable heights. 

It has been already observed, that in observations made 
with the barometer I have described, a small correction is 
necessary on account of the rise of the mercury in the cistern, 
as the barometer falls. Altitudes being in all cases measured 
by the differences of the heights of the mercury at the two 
stations, and these differences being evidently always too 
small in this barometer, the correction is obviously always 
additive. As in constructing different barometers, the 
interior and exterior diameters of the tube will not always be 
exactly similar, though the cisterns may be turned always 
alike ; this error, and of course the correction for it, should 
be in each iiintrument deduced from a comparison with a 
barometer of known accuracy at different heights. It will 
prohal)lv vary in different instruments from a ninetieth to a 
seventii'th. Indeed, if it vvere ah\a\s taken at an eightieth, 
in jnstruments con.4rncted as al)ove directed, the possible 
error eould only amount to about one foot on a thousand ; 
a <|iiautity of very little inqiortam e. 

It now remaiii.s to say a few w'ords on the necessity of two 
barometers for tlie mensuration of heights, and the probable 
error to be incurred by using a single one. There is no doubt, 
that when very great acenraev is required, two barometers 
ouglit to be u^ed ; but even with every precaution, altitudes 
cannot be taken by barometers sullicienlly near for the purpose 
of carrying water, either by pipes or canals: and for the 
purpose of the geologist, military surveyor, or agriculturist, 
it is of very little importance whether a mountain is 3000 or 
1010 feet high, though it i.s of the highest utility that ho 
should know whether it is 800 or 1000. I have, during the 
course of many years, lieen in the habit of taking observations 
of altitudes by a single barometer, and have had many oppor¬ 
tunities of repeating my observations on the same hills when 
the barometer has been at different heights, and either falling 
or rising during the time of observation ; and more than/once 
I have observed heights which had been trigonometrically 
taken by the best instruments; and can safely say, that the 
difference between these observations has seldom amounted to 
so much as two feet on a huudr d. The mode I use is this :— 
At setting out, 1 take the height of the mercury, and note the 
time of observafit)!!; 1 likewise note the time of the second 
observation, and on returning to the first station, observe 
41. V oi,. 11 . ‘J I 
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again, and note the time. If the baruineter has altered in the 
interval, a simple proportion corrects either of the three ob¬ 
servations, and reduces the height to what would have been 
observed had tlie mercury been stationary* It is true that this 
method supposes the motion ut the mercury to have been 
uniform during the interval of observation; but except in very 
variable weather, which does not often occur, particularly in 
summer, when the greater number of these observations will 
naturally be made, this supposition is liable to but small 
error. It is also true, that a traveller has often no oppor- 
tnnity of making a second observation at the spot he sets out 
from. Even in this case, a near approximation may often be 
made by observing, for example, at a stream on each side of 
the hill to be measured, ll also he observes the barometer 
repeatedly in the morning belore he sets out, and sees its 
tendency, and does the same at every halt, during the day, 
be will have data whereon to found a nearly accurate correc¬ 
tion. But if all this should be out of his power, even under 
the mo.st unfavourable circumstances, barometrical observa¬ 
tions will give a much more accurate idea of the outline of a 
country than any we now possess; and it should be over 
remembered that observations, though defective, if carefully 
made, and faithfully recorded, are valuable, and if repeated 
by different travellers, the errors will, in most cases, compen¬ 
sate each other, and from the whole very accurate conclusions 
may be drawn. 

I have entered into a greater detail than would be neces¬ 
sary for a greater part of your readers, in the hope of being- 
intelligible to those who are less acquainted with the subject, 
and who may wish to employ any instrument-maker for the 
construction of barometers similar to that which 1 have 
described. 

In justice to a very ingenious young artist, permit me to 
add, that I have employed in making those which I have, Mr. 
Thomas Jones, of No. 124, Mount-street, Berkeley-square, 
(pupil of the late Mr. Ramsden,) and who makes tbem com¬ 
plete at the price of three guineas and a half, with a short scale, 
reading from 25 to 31 inches; and four guineas for those with 
a long scale, reading from 20 to 31 inches. 

JJ. B. On comparing several barometers made by Mr. 
Thomas Jones, since this description was first written, I 6iid 
that in some of them the mercury does not lake its true height 
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on turning up the instrument, quite so quick as in the two 
which he constructed for me. This difference is owing to the 
greater closeness of ffhre in some pieces of box-wood than in 
others, but it does not affect the accuracy of the instrument. 
In order to give a quicker action to these barometers, I ad¬ 
vised Mr. Jones to b<»re a small hole or two in ihese cisterns, 
and insert a pin of open-grained wood into them. This 
answered perfectly well; but a curious circumstance occurred ; 
when deal or willow-wood pins were inserted, the mercury, 
when shaken for some time, passed through the pores of these 
woods in the form of a tine black powder, and it was necessary 
to substitute ashen pins to contine it in the cistern. It may 
not be superfluous to say, that the weight of this barometer is 
less than a pound and a half. The weight of Ramsden's last 
improved barometer is 4', pounds, and that ol his earliest about 
6;^ pounds. 1 subjoin a few obser\atiuns, by which the accu¬ 
racy of this barometer may be fairly estimated. 


On Richmond Ifilf. 

1800. Baronietfi. TUormometer. Results. 

Jan. 1, Hill top . . . l2f)-540 44" 

Thames’ side . 

•14(>.133 

Jan. 2, Hill top ... 29-708 38 

Thames’ side . 29-860 

•152.134 

Jan. 31, Hill top . . . 29-301 36 

Thames’ side 29-453 37 

•152.137 

Feb.23, Hilltop ...29-758 51 

Thames’ side . 29-912 

•154.189 

Feb. 24, Hill top ... 30-180 53 

Thames’ side . 30-334 54 

•154.140 
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All n. luiziffitld’s nwuutniu huronu'tfr. 


On the Signal Hill at Brighlhelmston. 

In 17JK), with a barometer of Raiiisileii's. 

Feet. 


Signal-house abo\e high water mark. .410 

In 180(i, with iin barometer.408 

4H> 

418 

JDevirs Dyke, mar Uriyhlhelmslon. 

In 1788, with a barometer ol Raiiisdeii’.s .(51)7 

In 180G, with iny barometer.(195 


Jj3r(l Abercorns Lodge, at Sfanmore, above the Stream in 

LJgeirare To an. 

Jan. 8.3(K; 

Jau. 7,.80G 


The obser\aliens from wliidi this lieight was deduced, 
were made in the chaise, both on Jau. 8rd and 7th. 


General Description of the Mots tain Barometer. 

In plate LXXXIV, fig. \, a a a a represents the cistern, 
made of boxwood. 

c c r. 'J’lie to\er, made of brahS, w liii li sc rcw'.s on, and is 
prevented from being iiuseiewed idle ruiiosily) by lour 
mail screws t. 

e e. The stem of the ti.stern, into which the glass tube n n, 
is nrmiv glued. 

RR, the mahogan\ tubt', in which i.s inserted the stem of 
he distein, where it i.s sec ured b\ lh(‘ screws t I, passing into it. 


Description if a portable Mascl. 

The object of this contrivanre is, to render the easel more 
portable, for the conMnieuce of artists when travelling in the 
country. This easel, when folded up, forms a sr|uare staff, 
shown flat-wavs in Hg.2, plate LXXXIV, and edge-ways in 
6g.3 ; the rails of which it i.s composed are kept together 
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by brass hoops or caps a a, bxed on each end; when set 
up for use, it appears as represented in fig. 4, forming a 
very secure and steady support for the tablet or picture, re¬ 
presented by the dotted lines. Jt consists of three deal rods, 
or bars. A, B, C, the two former being the whole length of it, 
but the latter onl\ two-thirds ; the bars A and 15 are united 
bv a centre-pin, w ho h also passe.s through one leaf of a brass 
hinge p: the other leaf being screNved to the short bar C, to 
permit it to be opened out liom the others, to any distance, at 
pleasure. On the joint of this hinge, and the centre-pin, 
connecting the other two bars, the easel can be opened out, as 
in fig. 4, to stand in the most convenient position, for the 
support of the picture, and to suit the ground if uneven. 
The front legs, All, are jnerced with a number of holes, for 
the reception of pins b b, bv which two short ledges or rails 
1). are held, so as to form a shift for the reception of the 
tablet; these rails, one of which is shown separately at D, 
when the ea^el is packi'd up for carriage, are |)laced at the end 
of the short leg behind the others ; the two smaller ends of 
them being received into a gap, made in the hinge, as is 
shown at I), (ig. the bras^ hoop o containing them altogether. 
In Mlder to m.ik(‘ the surface* of the cross, against w'hich the 
ji.cturt' rests, Hat or plane, two pieces of wood, d d, fig. 3. 
of the .^ame thickness as the bars of the cross, are applied 
upon the limb II : they lit into two spaces e e, made in the 
limb A, when the instruinent is shut up; and holes are also 
made in the bar 1), lor the two pegs which support the shelf 
to pass through, and thereby to retain the bars AB in any re¬ 
quired extent of their opening ; and the prop C may be also 
kept I’roin moving by wire-hooks extending to it Irom those 
bars. 

The whole instrument may be rendered more steady in 
the fields, &e. by forming the lower ends of the three bars 
into points, shod with iron, the better to enter into the earth ; 
and which may be rounded ofl' a little at their ends, so as not 
to injure the carpet or lloor of a room. The dimensions of 
this easel may bo made such that it may be used as a walking 
stair, and it will prove a useful assistant in the agreeable art 
of drawing scenery after nature. 
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Directions for using like common Micrometer. 

Micrometer’s, as first contriTeil, being only adapted to tlie 
measuring smalt angles, as the diameters of the sun and 
moon, or other planets, and taking the distance of such 
objects as appeared within the aperture of the telescope at the 
same time, were not of so general use as those which are con¬ 
trived not only to answer the ends that the first inventors 
aimed at, but likewise to take the difi'ercnce of right ascen¬ 
sion and declination of such objects as arc farther asunder 
than the telescope w'ill tako in at once, but which pass through 
the aperture of it at different times. Cassini first made use of 
threads intersecting one another at half right angles for deter¬ 
mining the diiOTerence of right ascensions and declinations of 
objects near the same parallel; and this apparatus being 
simple and easily procured, is of very great use to such as 
are not provided with a micrometer made according to the 
late improvements. But where such an one is at hand, that 
method, however curious, need not be made use of, the 
micrometer serving for the same purpose with great exactness. 
It was for this reason indeed that the late alteration in the 
form of the micrometer was made, they being before not so 
convenient for making such sort of observations, both hairs 
being usually moveable, and no provision being made for 
setting the hairs parallel to the diurnal motion of the objects 
to be observed ; both which inconveniences are avoided in the 
present micrometers. 

The micrometer, as now contrived, is not only of use in 
measuring small angles or distances between such objects as 
appear within the aperture of the telescope at the same time, 
but likewise in taking the difference of right ascension and 
declination between stars and planets, &c. which in their ap¬ 
parent diurnal motion follow one another through the telescope, 
if kept tp the same situation. In making the first kind of ob- 
iervations, turn the short tube which carries the eye glass and 
micrometer, &c. till the cross thread (or that which cuts the 
parallel threads at right angles) lies parallel to a line passing 
through the objects whose distance is to be measured, and 
then by raising or depressing the telescope by help of the 
stand, bring the objects to appear upon or near the cross 
thread, and one of fibem jast to touch the fixt parallel thread: 
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then turn the index of the micrometer till the moveable thread 
touches the other object, and the number of revolutions and 
parts of a revolution shown by the index, turned into minutes 
and seconds, by the table made as hereafter directed, will ha 
the apparent angular distance of those objects. It is here 
supposed, that the threads exactly close, so as to touch each 
other when the index stands at the beginning of the divisions: 
for if tiiey do not, there must be an allowance made in every 
observation; to avoid which, it is always best to adjust the 
threads to the beginning of the divisions when they arc first 
put on; for which purpose, the holes in the little plate which 
carries the moveable thread, are made oblong to give room to 
move it as occasion requires, before it is pinched hard by the 
small screws which fasten it to the moveable arm, through 
which the long screw passes. The otlter parallel thread, 
which 1 call the fixed one, must be first adjusted by setting ils 
edge exactly over the two marks made on each side the short 
diameter of the apertuie in the broad plates, and the cross 
thread must be likewise set to agre-e with the strokes made on 
each side the longest diameter, and then the intersection of the 
cross thread and the fixed parallel one, will be the centre of the 
motion given to the outer plate of the micrometer (to which 
ine great screw, index, and threads are fastened) by the worm, 
by turning of which the fixed parallel tliiead may easily be 
made to lie parallel to the apparent motion of any object, in 
order to take the difierence of declination and right ascension 
from any other that follows through the aperture of the 
telescope. • 

This contrivance is of very great use to make a star, &c. 
move true along the fixt parallel thiead, which is absolutely 
necessary in order to take the true difference of right ascen¬ 
sion and declination between it and any other that follows. 
Without this contrivance, it is very difficult to make a star 
move exactly upon the thread, and it can only be done by re¬ 
peated trials, which may sometimes take up a great deal of time. 

If therefore a star is made to move on tlie parallel thread 
just at the cross, and (the telescope continuing fixed in the 
same position) it is afterwards, near its going out of the 
apertuie, found not to be upon the thread, that must then be 
brought to the star by the help of the worm, and then the 
thread will be parallel to the diurnal motion of the star in that 
part ot the heavens, and consequently the cross thread wiU 
represent a meridian, and the others parallels of declinations, 
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and the difference of time between the passage of the star at 
the cross wire, (which was made to move along the thread,) 
and the transit of any other star, &c. over the cross thread 
which represents a meridian, turned into degrees and minutes, 
will give the difference of right ;\srension. And, if the move¬ 
able parallel thread be brought, by turning the index, to 
touch the other star about the time of its passage over the 
cross thread, then the number of revolutions and parts shown 
by the index (tamed into minutes and sec«>nd.s of a degree by 
the table,) will be the difference of dei lination between the 
tw'o stars. If the star is made to pass along the fixed thread, 
so as to seem perfectly bisected, there must be an allowance 
made for the semi-diameter of the thread or wdre, because I 
suppose the index to be adjusted as before to the inner edges 
of the wires ; but it may, if it is found convenient, be adjusted 
to the middle of the threads, or else correction may be made 
in the observed distance. 

In taking any angle, it is convenient that each of the 
parallel threads be about the same distance from the middle of 
the aperture of the eye-glass; and tor this reason the whole 
micrometer is contrived to slide to and fro, as the case re¬ 
quires. The same motion is also of use in taking the difference 
of right ascension and declination, by sliding tlit' li\( parallel 
thread (on which the preceding star is brought to move) 
towards one side ot the eye-glass ; for by that means a greater 
angle mav be taken in between the parallel thread.s, if need 
be; and'it must always be remembered, that the moveable 
parallel thread should be .set either north or south of the other, 
according as the following star is expected to be re&lly south or 
north of the preceding. 

In making an observation, either the inner or the outer 
edges, or the middle of the wires, may be brought to touch 
the objects; but then it must be remembered to allow some¬ 
thing for the thickness of the wire, in case the observation be 
not made from that part to which the index is adjusted. In 
observing the diameters of the sun, moon, or planets, it may 
perhaps be most convenient to make use of the outer edges of 
the threads, because they will appear most distinct when quite 
within the limb of the planet, &c.; but if there should be any 
sensible inflection of the rays of light in passing by the wires, 
this would be Ue^t avoided by using the inner edge of one 
wire and the outer edge of the other. And in taking the dis¬ 
tance or difference of declination between two stars, &c. the 
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miilJle uf the threads ina>’ perhaps be most convenient : bat 
however the observation i.s made, due correction must be 
allowed Tor the thickness of the wire, ii'requisite. 

The dilVercncc of declination of two stars, &c. may be ob> 
served with great exactness, because the inotioi: of tlie stars is 
parallel to the threads; but in taking any other distance, the 
motion of the stars being oblique to them is a great impedi¬ 
ment, because if one star be brought to one thread, before the 
eye can be directed so as to judge how the other thread agrees 
to the otiier star, the former must be somewhat removed from 
its thread ; so that in this sort of observation, the best way of 
judging when the threads are at the proper distance, is by 
frequently moving the eye backwards and forwards from one to 
the other: this method must chiefly be made use of when the 
di.stance of the objects is pretty large, and the motion or 
rolling of the eye great. 

The micrometer is so contrived that it may be applied to 
telescopes of diflerent lengths; hut then there most be a 
table for each telescope, by which the revululiuns of the screw 
may be turned into minutes and seconds of a degree. In 
order to this, it is necessary that the threads of the microme¬ 
ter should be placed exactly in the common focus of the object- 
glass and eye-glass, that is, where the images of objects seen 
through the telescope are distinctly formed. The readiest 
way of doing this is, first to slide the micrometer into the 
grooxes (ixt to the short brass tube, which carries the w’bolc 
apparatus of the eye-glass, &c. and then to draw the eye¬ 
glass out by means of its sliding work, till the threads of the 
micrometer*are in its focus, which is known by tbeir appearing 
most distinct, &c.; then thrust the short tube before-mentioned 
into its proper place, as far as the shoulders of the brass- 
work will admit, and place the object-glass in its cell, and 
looking through the telescope at some very distinct object, 
slide the wooden tube in or out, till you make the object appear 
most distinct, or till it has the least motion upon the threads 
when the eye is moved to and fro; for then tbe threads of the 
micrometer will be in the common focus of both glasses, and 
that will be the proper distance that the object-glass ought 
always to be at from the threads; and there should be made 
some mark or ketch in the wooden tube, in order to set it always 
at the some distance. 

The proper distance of the threads from the object-glass 
being thus settled, the table for turning the revolytions, &c. 
42. \ OL. II. 2 K 
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of the screw into angles, or minutes and seconds of a degree, 
may be made several ways; but as good and easy a method as 
any is, carefully to measure how many inches and parts of an 
inch the object-glass is distant from the threads, and with the 
same scale to hud also how many inches and parts of an inch, 
a hundred, &c. revolutions and threads of the screw of the 
micrometer are equal to: then making the first distance 
radius, the last will be the sine or tangent of an angle answer¬ 
ing to 100 revolutions. And having tiie angle answering to 
100 revolutions, the angle for any other number will be easily 
known and set down in the table, as also the parts of a re¬ 
volution ; for in small angles, such as can be observed with 
the micrometer, their sines, tangents or chords are nearly in 
the same proportion with the angles themselves. The distance 
before mentioned (to be used as radius) ought strictly to be 
taken from the threads to a point within the object-glass, about 
one-third of its thickness from that surface which is towards 
the wires, if the glass be, as usual, equally convex on both 
sides; but if the focus of the object-glass is pretty long, and 
its thickness not great, the error that can arise by measuring 
from any part of the object glass will become insensible as to 
the alteration in the angle. 

The table for the micrometer may likewise be made by 
setting np two marks at a distance on the ground, and observ¬ 
ing with the micrometer the revolutions, &c. which they 
subtend when seen through the telescope, and then computing 
the angles those objects subtend at the object-glass, by mea- 
saring their distance from each other and from the object-glass. 
The like may also be done by opening the thr^ds to any 
number of revolutions, and then making a star move exactly 
npon the perpendicular thread, and noting the time it is pass¬ 
ing from one parallel thread to the other; for that time, 
turned into minutes and seconds of a degree, by allowing for 
the star’s declination and going of the clock, &c. will be the 
angle answering to the number of revolutions; from which 
the whole table may be made. This method perhaps 
might bo most advantageously practised in stars near the pole, 
where the apparent motion being slow, a second in time will 
answer to a much smaller angle than towards the equator; 
but 1 believe, upon trial, the first method will be found most 
easy and practicable, especially if the scale made use of be 
well divided. 
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An improved Method of dividing Astronomical Circles 

and other Instruments. 

The art of dividing astronomical circles and other instru¬ 
ments for taking angles, has ever been thougiit highly impor¬ 
tant to the improvement of astronomy and geography, and 
has consequently, at different periods, formed a subject of 
much attention and inquiry. The method of dividing which, 
until very lately, was in genera! use, was that practised so 
successfully by the late Mr. Bird; but the laborious and 
delicate operation by the scale and beam compasses, has re¬ 
cently been superseded by the invention of Mr. Troughton, of 
the excellency of' Mhich the mural circle at the Royal Obser¬ 
vatory at (ireenwich alfords a nolile proof. But this method, 
though decidedly superior to Mr. Bird’s, seems yet to leave 
someuhat more to be done with respect to simplicity and 
facility of execution ; and it is with the hope of having in 
some measure attained these desirable objects, that 1 arn in¬ 
duced to lay before the Royal Society, a mode of dividing, 
which, I am led to believe, will not be found inferior in accu¬ 
racy to any that has hitherto been proposed. 

In the essential principle on which this method is founded, 
I find that I have been anticipated by the Due de Cbaulnes; 
but some parts of the apparatus which he has described are so 
complicated, and others so incapable of the necessary adjust¬ 
ments, that his method of dividing never has been, nor ever can 
be introduced to practice, and indeed was intended by its author 
merely to form a model, which was to be employed as part of a 
dividing engine. 

The method which I am about to describe requires no other 
apparatus than two pieces easily made, which 1 shall call 
adfustahle dots ; three microscopes, (two furnished with micro¬ 
meters,) and a cutting point with its frame. 

The general principle of this method consists in viewing 
the two micrometer microscopes, as the points of a pair of 
beam compasses, and the moveable dots as divisions, capable 
of the nicest adjustment previously to their being transferred 
to the limb of the instrument. Its principle advantages are 
its simplicity, and the exclusion of all errors, excepting such as 
may arise from,careless execution, the imperfection of vision, 
or the instability of the apparatus employed. 
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The adjustable dots arc represented in plate LXXXV, figs. 
1, 2, and 3. a a a a, fig. L, is a Hat piece of brass, intended to 
rest on the fac^; of the arc to be divided, and to be clamped to 
it by means of the screw C, fig. 3, where the adjustable dot is 
represented in perspective. The piece c r, slides smoothly in 
a dove-tail groove, formed by the pieces b b, and is moveable 
by the screw r/,* e f, slides in like manner in u dove-tail 
groove beneath, and at right angles to tlie piece c c, and if 
moveable by the screw That part of the clamp which bears 
against the edge of the arc, .shouid be curved in such a manner 
as to have only its tw’o eviremes in contact with the edge, by 
which means the motion of the sliding piece c c, will always 
be in the proper direction. A very thin and narrow tongue of 
silver or goM, on which is a well-defined circular dot, is 
soldered to the lower surface of e f, benoaili, and projecting 
from e: the lower surfaces of this tongae, of the piece e f, and 
ofn a a a, are all in the same plane. It is evident from this 
construction, that the tongue with the circular dot is moveable 
on the surface of the liinh of the instrument, both to and from 
its centre, and in a direction at right angles to the radius. 
The screws d and y, are to he turned by a key with a handle 
of wood or ivory, in order to avoid any change of temperature 
w hich might arise from the near approach of the hand ; the 
sliding pieces should move easily, and yet be perfectly free 
from shake. 

There is another mode of constructing the adjustable 
pieces, which 1 conceive may be found fur preferable to that I 
have just described, (hough in (he use of (hem greater care 
and nicety will be required. It is to draw two lino lines at 
right angles to each other on the silver tongue of the piece e /, 
fig'. 1, which lines may be used instead of the dot, by causing 
thorn to bisect the angles formed by llie cross wires of the mi¬ 
croscopes. and thus ensuring, us far as vision is ooiicerned, as 
great a degree of accuracy in dividing us can afterwards be 
attained in reading off. 

The line in the direction of the piece e f, must be drawn 
when the adjustable piece is fixed on a circle, and when the 
piece c c is placed about half way between the limits of its 
adjustment; in winch position this line will be directed 
towards the centre of the instrument, and, unless the circle to 
be divided is very small, the difference from this direction, 
within the limits of its adjustments, will scarcely become 
sensible. This will be better understood when the manner of 
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using the adjustable dots has been described. The silver 
tongue, with its cross lines, is represented at A, 6g. 1. 

Tiie three microscopes are similar to those used in readiDjf- 
oir divisions of astronomical instruments of modern construc¬ 
tion, and therefore need not be very particularly described 
Two of these microscopes are furnished with micrometers in 
the usual manner, each having a set of cross wires as repre¬ 
sented at fig. G, moveable in the direction a b, by means of the 
micrometer screw. 

The two micrometer microscopes have adjustable supports, 
one of which is seen at fig. 4, in which a a are two pieces of 
brass forming a dove-tail groove for the sliding piece A, which 
carries the microscope, and which is moveable by the screw 
represented in the plate. In tlie circular opening formed in 
the sliding piece A, a piece of brass tube is soldered, in which 
the microscope slides rather stiffly, in order to be adjusted to 
distinct vision. The supports are made very strong, aud are 
furnished beneath with clamps, by which, or by any other 
equivalent contrivance, they may be firmly fixed to an arc, 
hereafter to bo described. One of tlie microscopes, with its 
support, is repre.sented at fig. 5, from which its construction 
will be readily understood ; the micrometer head is omitted in 
the engraving, as it would only occasion confusion. The 
object-glass of each microscope is fixed in a tube having a fine 
screw cut on its outside, by means of which, after the micro¬ 
scope has been adjusted as nearly as possible to distinct vision, 
any remaining parallax may be removed, when the object-glass 
is to be secured by the nut a, in the usual manner. 

Fig. 7, represents the support for the third microscope, 
and also the cutting point, the frame of which is attached to 
this support. ABCDE, is a thick plate of brass, having 
a tube soldered in the opening C, to receive the microscope. 
The projecting square pieces BD, receive the conical points 
of the screws FF, of the cutting frame, the general construc¬ 
tion of which will be readily understood from the engraving. 
The cutting point, which is elliptical, as recommended by 
Mr. Troughton, passes obliquely at an angle of about fifty 
degrees through the flat piece of brass G. The pieces a a 
project half an inch or more beyond the piece G, and to their 
under surfaces a thin slip of silver or gold is soldered, or 
otherwise securely fastened, on which a well-defined circular 
dot is made, as represented in the plate. The sides HI, HI, 
of the cutting frame, must be of a sufficient length for the 
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ends 1 ly to reach nearly to the surface of the instrument to be 
divided, when the frame hangs perpendicularly from BD; by 
this construction of the cutting frame, it is evident that the 
circular dot may be adjusUd so that its image may pass 
through tlie puiut of intersection of the wires of the micro¬ 
scope, when carried through its field of view, and that the 
cutting point may be seen through the same microscope when 
employed in tracing the divisions on the limb of the instru¬ 
ment. A prolile of the cutting point and frame is given at 

fig. a 


As every thing depends on the rectilineal motion of the 
cutting point when tracing a division, too much care cannot 
be employed in its use, and it is greatly to be wished some 
better mode of giving it motion could be adopted in place of 
the inflexible projecting handles at present employed, as a 
lateral deviation of only inch, in a circle of two 

feet diameter, would occasion an error in the division amount¬ 
ing to about a whole second. Perhaps an universal joint 
applied to the upper surface of the piece G, and connected 
with a handle, might be used with advantage. The length of 
that part of the cutting point which projects beneath the piece 
G, may also prove a source of error; but this may be easily 
obviated by making the piece G much thicker, and passing the 
screw through it, as represented in the profile. 

An arc of cast iron or brass must be provided, of about 
120 degrees in length, and of a radius rather greater than 
that of the instrument to be divided. Its breadth may be 
about two inches, and its thickness should be fully sufficient 
to ensure its not bending. This arc, which is designed to 
carry the three microscopes, is to be fastened at its extremitios 
by clamps, screws, or otherwise, to the frame-work of the 
instrument to be divided, in such a manner as that the micro¬ 
scopes may project over its limb, and be at a proper distance 
above it for distinct vision, and that the surface of the arc 
may be parallel to the face of the instrument. The manner 
of fastening this arc must be left to the ingenuity of the artist. 
In some instances it may perhaps be found convenient to con¬ 
struct a temporary frame for the reception of the instrument 
during the operation of dividing, but in whatever manner the 
arc is applied, it is absolutely necessary that it should be so 
secured as to be perfectly immoveable. 

1 shall now proceed to detail the manner in which this 
apparatus is to be employed in dividing a circle, which I shall 
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suppose to be two feet in diameter. The first operation 
necessary is to describe, on the face of the instrument, the 
circles which are to limit the divisions. This may readily be 
done by causing a fixed point to press on the surface of the 
circle, 'whilst it is made to revolve on its axis- The support 
carrying the third microscope and cutting frame, which 
microscope 1 shall in future distinguish by calling it the fixed 
microscope, is then to be firmly screwed to the arc, as near to 
its right extremity as conveniently may be, and so that the 
intersection of the cross wires of the microscope may be a 
little without the exterior circle described on the face of the 
instrument, and yet that both the circles that limit the divi¬ 
sions may pass through the field of view. The support of the 
fixed microscope must also be so placed, as that the cutting 
point may move in the direction of the diameter of the circle 
to be divided. The moveable microscopes are to be attached 
to the arc by their clamps, and to be always so adjusted that 
the intersections of their wires may appear half way between 
tlie circles intended to limit the divisions. The microscope 
which is placed next to the fixed microscope, I shall distin¬ 
guish by the letter A, and the other by the letter B. The 
micrometer head of A must be placed to the right, and that of 
B to the left, of their respective microscopes. 

It will, perhaps, be found most convenient to commence by 
dividing the circle into five equal parts of seventy-two degrees 
each. For this purpose, having fixed the circle by means of 
the clamp attached to its tangent screw, (with which every 
instrument is provided,) draw a fine line with the cutting 
point from the exterior circle described on the face of the 
instrument to the edge of its limb; this line I shall call the 
line of reference. Adjust the fixed microscope to distinct 
vision, by sliding it in its support, and cause the line of 
reference accurately to bisect the vertical angles formed by the 
cross wires of the microscope, by moving the circle, and by 
turning the microscope in the tube of its support. Move the 
eye to the right and left, and observe whether the line of 
reference appears to change its position. If it is perfectly 
stationary in every situation of the eye, the adjustment of the 
microscope is correct; if not, the remaining parallax must be 
destroyed by moving the object-glass, which must afterwards 
be secured by means of its nut. 

The next step is to adjust the cutting frame. To this end, 
place the projecting pieces a ct, of the cutting frame, fig. 7. 
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on the face of the limb of the instrument, when the Hot will be at 
a proper distance from the microscope for distinct vision. Slide 
it through the field of view, and examine whether its centre 
passes accurately throngb the intersection of the cross wires; 
and if not, cause it to do so by means of the screws F and F.* 
This adjustment should be most carefully examined in every 
part of the process of dividing, as it is essentially necessary to 
the accuracy of the operation. 

Place the microscope A as near to the fixed microscope as 
conveniently may be, (leaving, however, snfiicient space to 
use the cutting point,) and clamp it firmly to the arc. Fix 
the microscope B at the distance of seveoty>two degrees by 
estimation from A,f und bring the intersections of their wires 
between the circles which are to limit the divisions. Place an 
adjustable dot under A, with its centre precisely in the inter* 
section of the cross wires. Unclamp the circle, and turn it 
on its axis till the adjustable dot arrives at the intersection of 
the cross wires of B; and should tbe centre of the dot not 
pass accurately through their intersection, cause it to do so by 
means of the screw of tbe moveable support of the microscope 
B. The intersections of the cross wires of both microscopes 
will now be equidistant from the centre of the circle. Adjust 
both microscopes to distinct vision, in the manner described 
for the fi'Xed microscope, using tbe adjustable dot instead of 
the line of reference. Retnrn the line of reference to the 
fixed micrt^cope, clamp the circle, and, by means of the 
tangent screw, bring tbe line of reference again accurately 
under tbe intersection of tbe cross wires. Place the second 
adjustable dot precisely under the intersection of tbe wires of 
tbe microscope B. When all has been thus arranged, tbe line 
of reference, and tbe two adjustable dots, should appear in 
the intersection of the wires of their respective microscopes, 
and the dot of the cutting frame, if moved through tbe field 
of view, should pass through tbe intersection of tlie wires of 
tbe fixed microscope. This arrangmnent of tbe microscopes 


• The Bam* thiaK mUefct, periiaps, be w conveniently effected by giving « 
motion to llie crohik wiren of the fixed micr**r«>pe, and fine lines intersecting 
each other at riglit aiifc'h s may be ii-ed instead ot the dot (as in the adjtutable 
pieces,) sliuuld it be ihoiight preferable. . . 

t This may be readily done by means of &e figures osoany engraved on tbe 
limb previous to llie operatiou ot dividing. 
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is represented in plate LXXXV, from which the manner of 
placing them in the subsequent parts of the operation will also 
he readily understood. 

Turn the circle on its axis till the j^ot which was under A, 
arrives under B. Clamp the circle, and, by means of the 
tangent screw, bring the centre of this dot under the intersec¬ 
tion of the wires of the microscope B. Take off the adjusl- 
ablt* dot which was under B, and which will now be found to 
the left of that microscope, place it beneath A, * and by 
means of its adjusting screws, bring its centre under the 
intersection of the cross wires, carefully remarking whether 
the circle has in the mean time suffered any change of position, 
which may be known by the centre of the dot which is under 
B, being no longer found precisely under the intersection of 
its wires ; and, should this have happened the dot must be 
restored to its former position by moving the circle, previous 
to the linal adjustment of the dot which is under the micro¬ 
scope A. The adjustable dots must thus be made successively 
to change places, till the line of reference arrives again in the 
field of the fixed microscope, when it is evident, if the inter¬ 
sections of the wires of the microscopes A and B are precisely 
distant seventy-two degrees from each other, the line of 
reference will again be found accurately in the intersection of 
the cross wires of the fixed microscope, as it was at the com¬ 
mencement : but should this not be the case, its distance from 
it will be equal to live times the error in the distance of the 
wires of the microscopes A and B, and this error is to be cor¬ 
rected by the micrometer of the microscope A,*)* and the whole 
operation repealed, always remembering to bring, in the first 
instance, the line of reference accurately to the intersection of 
the wires of the fixed microscope, and carefully to repeat the 
various adjustments which have been detailed. 

When, by repealed trials, the wires of the microscopes A 
and B are found to be at the required distance from each other, 
the divisions are to be cut on the limb of the instrument, the 
eye being assisted by viewing the cutting point through the 


• The artist will perceive, that five dots in this stage of the process, will be 
more convenient than two, and obviate the necessity of removing the dots. 

+ The line of Inference may be brought to the intersection of the wires of the 
fixed microscope, and the distance ot the dot which is under A, trom the inler- 
scction of its wires, be measnred by its micrometer screw, and this will be equal 
to five times the error in the distance of A and B. 

42. VOL. II. 2 L 
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fixed microscope. The first line, or zero, is to be made when 
the line of reference and the two dots are under the iutcrsec 
tions of the wires of their respective microscopes, and eacli of 
the other divisions successively, after the dots Imve been nmde 
to chang^e their places ; and thus the circle will be divided into 
five equal parts, which seem to be subject to no other error than 
what may be attributed to the imperfection of vision, or inac¬ 
curate execution. 

Each division of sevenfy-tiro degrees is next to be subdivided 
into three parts. To ellect this, bring tlu; line of refertneo 
to the intersection of the wires of the fixed microscope, and 
verify the adjustment of the cutting frame. Place the micio 
scope B, above the first division from the fixed microscope, 
and the microscope A, at the distance of one-third of a 
division, or twenty-four degrees by estimation from U. Cause 
the division which is under B, to bisect the vertical angles of 
the cross wires, by means of the micrometer screw, and by 
turning the microscope in its tube, and adjust both microscopes 
to distinct vision. Place an adjustable dot under the intersec¬ 
tion of the wires of A; unclamp the circle, and turn it till the 
adjustable dot is under B; when, if it does not puss precisely 
through the intersection of the cross wires, it must be made to 
do so, as before described, by means of the screw attached to 
the support of the microscope. Bring back, the line of refer¬ 
ence to the wires of the fixed microscope, when the adjustable 
dot should be precisely in the intersection of the wires of A, 
and the first division (seventy-two degrees from zero,) accu¬ 
rately bisecting the vertical angles o( the cross wires of B. 
Turn the circle round till the adjustable dot arrives under B, 
and by means of the tangent-screw bring it accurately to the 
intersection of the cross wires. Place another adjustable dot 
in the intersection of the cross wires of A, taking care, by 
examining the dot under B, to ascertain that the circle has not 
in the mean time sulfered any change of position. Bring the 
dot which was last placed, and which is now under A, to the 
intersection of the wires of B, when it is evident, if the wires 
of the microscopes A and B are at the required distance from 
each other, the next division of the instrument, or zero, will 
now pass precisely through the intersection of the cross wires 
of A. But should this not be the case, the distance may be 
measured by means of the micrometer, and the cross wires of 
A most be moved one-tbird of this distance from their first 
position towards the side opposite to that on which the 
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division appears in the microscope. The line of reference 

must then be broug-lit again to the wires of the fixed micro* 

scope, and the whole operation repeated as before, till the 

intersections of the wires A and B, are at the proper distance 

from each other. 

In order to cut the divisions ; having ascertained that the 
line of reference, the division which is under B, and the 
adjustable dot under A, are accurately in the intersection of 
the wires of their respective microscopes, turn the circle till 
A and B have each an adjustable dot in the intersection of their 
cross wires, and cut a division ; move thevircle till an adjust¬ 
able dot is in the intersection of the wires of B, and a division 
in that of A, and trace another line with the cutting point. 
It is now (‘viileut, that one of the ])riinary divisions of seventy- 
two decrees is trisected. Take olf the adjustable dots, which 
are now no longer necessary, and bringing each of the new 
divisions, as well as the primary ones, successively under the 
intorsociion of the wires of the microscope A, trace a new 
division with the cutting point, and proceed in this manner 
round the whole circle, remembering that when a division is 
in the intersection of the wires of A, mother division should 
be found precisely in that of B, and this aiVords a very severe 
test of the accuraev of the work as it proceeds. 

Having thus obtained divisions of tiieuhf-fuur degrees, 
these are again to be trisected precisely in the same man¬ 
ner, and with all the precautions before detailed, placing, 
should it be necessarv, the microscope B at the distance of 
two divisions, or torty-eight degrees, trom the fixed micro¬ 
scope, and transferring the adjustable dots through two 
divisions instead of one, which will bring the new divisions 
under the microscope A, when the adjustable dots may be 
taken oil". 

The circle is now divided into portions of eight degrees 
each, and the.se are to be continually bisected, till we arrive 
at divisions of half a degree; but as it is presumed that the 
centres of the microscopes A and B, cannot be brought nearer 
to each other than eight degrees, it becomes necessary to take 
distant divisions, and to bisect twenty-four degrees. For this 
purpose, having brought the line ot reference to the intersec¬ 
tion of the wires of the fixed microscope, and verified the 
ailjustment of the cutting point, place the microscope A as 
near to the fixed microscope as convenient, with the intersec¬ 
tion of it.-’ cros.s wires half way by estimation betw'een any two 
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divisions, and at the distance of twelve deg^rees {dace t!io 
microscope B, causing^ the angles of its cross wires, hy means 
of the microineler screw, to be bisected by the division under 
it. Fix an adjnstabie det beneath the intersection of the 
wires of A, and see tiiat it passes through that of B, as 
formerly directed. Adjust tor distinct vision, &c. in the 
manner v^hicii has already been minutely detaib'd, and on 
bringing the adjustable dot to the intersection <if the wnes ol 
B, if the distance of the microscopes be accurate, a division 
will be found precisely in the intersection oi tiie wires of A, 
but should it not b6 so, the error in the distance of A and B 
must be determined and corrected by means ol the micrometer, 
as before described. The line of reference is tiien to be 
brought back to the intersection of the wires of the fixed 
microscope, and the trial repc‘ated. 

When the distance of A and B is found to be correct, the 
line or reference being brought to the intersection of the cross 
wires of the fixed microscope, and a division being in that of 
the microscope B, it is evident that the inti'rsection of the 
wires of A, must accurately bisect a division, or be four 
degrees distant from Ibe next division on the instrumi'nt. 
Bring up this division therefore to the intersection ot the 
wires of A and trace a line with the cutting point; do the 
like with each division, or every eighth degree successively, 
and the circle will be divided into parts oi four degrees each, 
and by continuing to bisect in the same manner, tlie division 
of the circle is to be carried to thirtij minutes. 

The last operation consists in trisecting the divisions of 
thirty minutes.* Bring the line of reference to the fixed 
microscope, and examine the adjustment of the cutting frame 
as before. Place the intersections of tlje wires of B and A, 
on any two divisions of the instrument, say ten degrees from 
each other, and increase their distance by advancing the inter¬ 
section of the wires of A, by means of its micrometer screw, 
one-third of a division, or ten minutes. Place an adjnstabie 
dot under A, adjusting the cross wires, and using all the 
varioos precautions which have been before minutely detailed. 
Bring the dot under B, and place a second dot under A ; turn 
the circle til! this second dot arrives at B, when if A and B 
are accurately at the required distance from each oilier, it is 


• Tlie method by which this trinertion in effected, is of very Rcncial Applica¬ 
tion, and may be used witli equal facility to divide an arc into any iiiunber of 
parts. 
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evident that a division will be seen precisely in the intersec¬ 
tion of the wires of A ; but if not, the error must be corrected 
as before described, by means of the micrometer. The line of 
reference is then to be brou'^ht back to the Hxed microscope, 
in whicli position of the circle tlie intersection of the wires of 
A will be accurately one-third of a division, or ten minutes in 
advance. Turn the circle, and brmg every division both of 
thirty minutes and those newly cut, successively, as they arrive 
in the microscope, to the intersection of the wires of A, 
tracing a new division with the cutting point wherever there 
does not appear to have been one previously made, and con¬ 
tinue this till the whole circle is divided into parts of ten 
minutes each. 

In the example of the process of dividing which I have 
given, the diameter of the circle was supposed to be two feet, 
but should the instrument be of a smaller size, the microscopes 
cannot be brought so near to each other as eight degrees, and 
then it becomes necessary to choose a dilferent series of 
numbers for the divisions. For this purpose, 1 have added a 
small table, containing several series which appear to be most 
convenient, and from among which the artist may select that 
which may best suit the size of his instrument, and his own 
ideas of accuracy. 

It may not be useless briefly to recapitulate the precautions 
w'hich are absolutely requisite to the success ol this mode of 
dividing. 

The microscopes must be perfectly free from parallax, and 
the vertical angles formed by the intersections of their cross 
wires accurately bisected by the divisions which pass through 
them. The intersections of the cross wires of A and B must 
appear between the circles which limit the divisions, and be 
equidistant from the centre of the in:jtrument to be divided. 

The dot on the cutting frame, if moved through the field 
of view, must always pass through the intersection of the wires 
of the fixed microscope; and the motion of the cutting point 
must be in the diameter of the circle to be divided. 

When the line of reference is in the intersection of the 
wires of the fixed microscope, a division should always appear 
precisely in the intersection of the wires of the miscro.scope B. 

Lastly, previous to cutting each new division, if two 
divisions do not appear precisely in the intersections of the 
wires of A and B, it is an immediate proof, (unless the mi¬ 
croscopes may have sufiered any accidental change of position) 
of inaccurate execution in the former part of the work 
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From wbat bas been said, it is evident that the microscope 
B might have remained stationary alter having been placed 
over one of the primary divisions of seventy-two degrees, and 
perhaps in practice this may be preferable. My onlx reason 
for directing it to be removed, was to obviate tlic elfect'of any 
expansion which might take place in that part of the arc which 
is between the tracing point and the microscope, by placing 
it as near as possible to the cutting frame; this, howe\er, 
will probably be found to be an unnecessary reliuement. 

This method of di\iding is not contined to circles, but may 
be applied with equal facility and advantage tt> the division ot 
straight lines and zenith sectors. For the last, it is necessary 
to obtain the radius of the instrument to be divided, and by 
continual bisection, its eighth part, which is the chord of seven 
degrees ten minutes. This chord is to be faintly set olV on a 
part of the arc, and the tixed microscope being placed over 
the middle point of the arc, or zero, the division may be 
carried to five or ten minutes, precisely in the same inanm'r as 
bas already been directed for the circle. 

Finally, whether the operation of tlividing is prriorined by 
day-light, or b\ the light of a lamp, 1 would strongly recom¬ 
mend the use of shades made of thin oiled pajier without wire 
marks, placed very near the limb of the instrument. The 
accuracy, and, if I may be allow'ed the expression, the luxury 
which they atford in delicate observations, can be fully ap- 

{ ireciated only by those, who like myself, have been in the 
requent habit of using them. 
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No. S. 

No. 4. 

For a smaller circle. 

o ' 

will give 120 0 

. 40 0 

y . 8 0 

(Sec No. 1.) 

o 

3 (ja will give 72 0 

y .24 0 

.12 0 

. 2 0 

y . 1 0 

■a . 0 30 

. 0 15 


The preceding very ingenious method of obtaining original 
divisions, possesses in so high a degree the merit of accuracy 
of principle, and simplicity of execution, that we cannot 
doubt it will reQoinmend itself to general adoption. To those 
at u distance from the metropolis, and who may wish to have 
their instruments made under their own eye, it will aflbrd the 
means of accomplisiiing one of the most diflicult processes 
which can occur in tiie practice of the arts, and we are anxious 
to contribute whatever remarks may tend to render the appa¬ 
ratus ellccti\e. 

The frame Illn, lilrt, in which the cutting point acts, 
is, as the author justly intimates,* p. 254, rather too liable to 
prove a source of imperfect execution, Jt would scarcely be 
po.ssible to apply an equal force to each of the handles 6 6, 
and unless this be done, the twisting of the cutting point, from 
the distance of its centres of motion, will almost inevitably 
be fatal to the accuracy of the operation. Much may be 
done, however, by a careful construction of the apparatus. 
The joint formed as at HH, II, by a conical point working 
in a hole of a corresponding figure, is perhaps the best that 
»can be devised, combining less friction with greater steadiness 
and facility of correct adjustment, than any other; but to make 
it well, there are several particulars to be attended to, of 
which all workmen are not fully aware. It is, for instance. 
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particularly important, that the conical points of the screws 
should not touch the buttuins of the holes in which they work, 
and in this and other respects for the present purpose, the 
construction may he as follows : into the ends of 15D, lig| 7, 
of the plate of brass ABED, scrov a small piece of steel, ol 
the shape shown at a, fig. 10, where a conical hole is con¬ 
tinued by a small cylindrical one, of such a depth that the 
extremity of a conical point fitting the other part cannot 
possibly be in contact with any thing. This piece ot steel a, 
and the screw b, which is to work in it, alter having been 
correctly turned, must be screwed, then ground together with 
fine enier\ ; and afterwards hardened. They should be lelt 
at the temper denoted by a full straw-colt»ur. The shoulder 
c may be filed square, to admit of the screw’ being turned by 
a key into its proper situation. In drilling the extremities 
BD, the greatest care must be taken to make the axes ol the 
holes in the same right Hue, to lucilitute the obtaining of 
which, let the upper and lower surface ot A BED, be made 
quite flat and parallel, and the fore-edge m m exactly at right 
angles to or square with them, and in the same line with each 
other; then when the ends BD are also quite square with 
these surfaces, gauge lines, drawn upon them from surfaces at 
right angles to each other, will, if drawn from the same 
surfaces at each end, cross each other in points which will be 
in the same line, and consequently the proper centres for the 
insertion of the screws. The shoulders c, being truly turned, 
and pressing upon the extremities of BD, which have been^ 
squared as above-mentioned, will respectively tend to pre¬ 
serve the desired opposition of their centres. Equal care 
roust be taken to have the axes of the sjerewrs FF in the same 
line, and the nuts « n, by wliich they are secured, after having 
been screwed, roust be turned, so that the surface which will 
be applied to the piece H, may be exactly at right angles to 
the axis of the thread. The joints HI, HI, being thus 
formed, and the parts they connect being made of brass, 
hardened by hammering, and sufficiently thick to prevent its 
bending, they may, without rendering them too stiff, be ad- 
jnsted so accurately as always to make a stroke in the same 
direction, if the cutting point be in proper order, and if the 
power applied to make the stroke, have not a very strong* 
tendmicy to twist the whole apparatus. To have the cutting 
point in order, the screw at the end of which the point is made, 
should be secured in the piece G by a nut on each side ; these 
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nuts should be made as directed for those atn n, and the surfaces 
of G, upon which they bear, should of course be parallel to each 
other and at right angles to the direction of the screw itself. 
The screw should have the strength of two-tenths of an inch in 
diameter, and be made of steel, found by previous trial to 
sustain a good edge ; the conical point should be regular in its 
figure, quite smooth and highly polished : upon these properties 
depends the ease with which it will make its way through the 
brass in cutting the divisions, and the less the force required 
to cut the divisions, the less will h% the risk of straining 
any part of the apparatus, and cutting a false line. On 
this account an advantage might be found in making the cutting 
point of a diamond ; a diamond point could be accurately 
figured by the lapidary, and would not only cut a smoother 
stroke than any other substance, but would cut it with more 
ease. Diamond points are now very generally used, to draw 
the lines upon copper, in etching and engraving. 

But however well the joints ill, HI, may be made, it still is 
desirable to obviate the use of the handles b b, fig. 7 ; this might 
be accomplished by means of a triangular bar, accurately 
fitting and sliding in a fixed groove of the same form, on a level 
with the direction in which the part G moves. The triangular 
bar being connected with the part G, by means of a simple joint, 
exactly opposite the middle of the cutting point, would always 
draw the point in a right line by applying the hand to a knob 
fixed in its upper surface; or, indeed, with this additional 
assistance to preserve the rectilinear direction, handles like b b 
might be used, by fastening them across the triangular bar 
instead of the part G. The triangular bar should be of cast 
iron or steel, the groove in which it slides should be of brass. 
If all the three sides of the bar be true planes, and all of them 
of the same breadth, the section of the bar itself will be a true 
'equilateral triangle, and no shape will answer better, or be more 
easily formed. The piece of brass containing the groove for the 
bar must have an immoveable support beneath the arc of cast 
iron which carries the three microscopes, and must admit of a 
motion sidewise, to place it in the same line with the path of 
the point, and with the diameter of the circle to be divided. 
This may be done by means of screws passing through a 
groove, as used at s s, fig. 9; there should be two of these 
screws, one at each side near each end of the piece contain¬ 
ing the groove. 

The arrangement proposed is shown in profile at fig. 10. 
The parts d ef, resemble those of fig. 8, but the cutting point 

42. VOL. II. 2 M 
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is fixed, first by screwing the not ^ at the bottom, and then 
the nut A at the top; t is a triangular bar, which slides in a 
groove of the same shape, contained in the thick piece of brass 
/ m, ppy are strong springs with friction rollers at the end of 
them pressing upon the upper surface of the triangular bar, 
which is thus kept steady in its situation. A plan of the joint 
by which the triangular bar is connected with the piece of 
brass t, containing the cutting point, is shown at fig. 11; when 
the cutting point, with the frame which contains it, is moved 
sidewise, to bring it ui4ier the cross wires of the microscope, 
the pin V V slides along at the same time without disturbing 
the position of the bar i. The bar may afterwards be adjusted 
separately ; it has a line drawn along the middle of its upper 
surface: if when it is pushed forward, this line coincides with 
the cross wires of the micrometer, and upon reversing its ends 
the same is still found to be the case, the position of the bar is 
correct; and when this is not the case, the direction of its bed 
most be altered at one or both ends as appears to be required. 
In this way the bar should be tried, when any alteration has 
been made in the position of the frame containing the cutting 
point; to admit of being easily taken out and reversed, it is 
formed at the joint as shown in fig. 12; and the springs p p, 
admit of being turned sidewise till they rest upon the brass. 
The whole of the apparatus, fig. 7, when once well made and 
adjusted, will scarcely fail to remain the same during the whole 
operation of dividing a circle, though the constant trial whe¬ 
ther this is really the case should never be neglected. Very 
slight alterations of the cutting point, will not require any 
change in the bar i, fig. 11. 

The triangular bar, by which motion may be given to the 
cutting point as above described, would probably answer per¬ 
fectly well if eight inches long; bat as the certainty of its regular 
motion will be increased in proportion to its length, it is ad vis- * 
able to make it not less than twelve inches long. When knobs 
are used to draw it along, there should be two of them as r r, 
fig. 10. each at the distance of one-third of the length of the 
bar from its extremity; when handles, like h b, fig. 7, are em¬ 
ployed, they should be fixed across the centre of the bar. The 
two knobs wiH doubtless be preferable ; for with them, if the 
groove and the bar be well fitted by grinding them together, 
and they are pressed upon each other, at the same time that 
the bar is drawn along, the lateral deviation of the bar will 
scarcely be possible. 
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The bottom of the g-roove in which the triangalar bar riides 
should be slit to the depth of the sixteenth of an inch, with a 
saw or knife edge file, in order that the angle of the bar may 
nut, by coming in contact with it, have an impediment to the 
steadiness of its motion. 

For the easiest and most correct method of making surfaces 
of metal accurately flat, parallel, and square with each other, 
see the essays on Filing and Grinding, in the Panorama of 
Science and Art, vol. i, p. 22, 23, &c. 


A Description of a Pendant Planetarium. 

Fig. 1, plate LXXXVI, aaa a, is a frame, supporting 
the whole'machine. 

h 6, Is a fixed rod or arbor supporting the segment c, and 
the sun S by a line wire. 

d. Is a wheel fixed to the upper part of the cannon e, 
carrying round by its lower end the {\rm f j\ and the planet 
Mercury suspended by a fine dark wire. 

g g. Is an arm, lixed by screws into the frame a a, at each 
end, and also to the upper of the fixed cannon A A, which 
supports by its lower end the Irame i i, which, as explained 
in tig. 2, is an elliptic plane, sup(»orting, by lour or more studs, 
■I /, the concave piece k k, forming an elliptic ring. 

m. Is a wheel on the moveable cannon » n, which carries 
the arm o o, supporting at one end the planet Venus by a fine 
wire as above, 

p p. As before, is a fixed frame attached to the immoveable 
cannon q and the elliptic plane r r, supporting by studs the 
concave rings s s, ul supra; and thus the wires, by which the 
planets are suspended, and the concave rings, are alternately 
.supported by the moveable and fixed cannons, &c. until the 
whole forms a concave like the heavens; having the small 
grooves or apertures through which the supporters of the 
planets move round, forming elliptic lines in the concave seg¬ 
ment of a sphere, marking out the planets’ paths, according to 
their eccentricity, and showing at one view the places of aphe¬ 
lion, perihelium, &c. of all the planets. 
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Concave silver stars, in the position that some of the fixed 
stars would appear from the centre of tiie sun, will have a 
fine eflect, especially as the supporting wires of the planets 
will be dark, and so small as to render them almost invisible, 
the frame being suspended from the ceiling. Their latitude 
may readily be ascertained by a line drawn from the centie of 
the sun through that of the planet's place to the hoop f t, 
encompassing the whole, marked with eight degrees on ouch 
side of the ecliptic. 

The elli[itic orbits and inclined planes are obtained by the 
method shown in tig. '2, where a a, is an elliptic plane, fastened 
to the lower end of each lixcd cannon, having its eccentri¬ 
city calculated to that of the planet which is to be aflTected by 
it. h h, is the arm attached to the moveable cannon, c c, is* 
a slider moving on the arm h h by four little friction rollers. 
d, is a friction wheel on the under side of c, turning on a pin, 
which is fastened firmly on c, and moves with it through a 
groove in h b, which wheel, running against the edge of the 
ellipsis a a, forces c c out, which is again drawn in by the 
spring e, thus causing the planet to revolve in an elliptic orbit, 
as it is carried round by the arm b b, the moveable cannon and 
wheel-work. 

For the inclined plane, is a wheel turning on a pin 
fastened into c c, and carried round on it by a projecting arm 
of b.* On one side of this wheel is a small pin, whose situation 
and distance from the centre is to be determined by the place 
of the planet’s nodes, and the inclination of its plane to that 
of the ecliptic ; to this pin is fastened a small waxed silk cord, 
which, passing over the pulley /i, supports the planet by a line 
hair wire, as before-described, and draws it up and low’ers it 
down in its orbit according to its angle of inclination to the 
plane of the ecliptic. 

The planets should be made of polished metal, to give 
them weight and brilliancy, or of small glass globes filled with 
mercury. The sun may be a globular glass fountain-lamp, 
with a cork fitted to the lube, containing a tin pipe for the wick, 
so that the blaze being in the centre of the globe, and sur¬ 
rounded with oil, will be magnified on every side, and exhibit 
a splendid son. 


• The circonifercncc of the wheel must be cominensurate with the distance 
c e moves oot. 
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It will be readily understood that motion is to be given to 
the wheels turning the cannons, &c. by an arbor having as 
many wheels as the planets have, all firmly fixed to the arbor, 
and calculated to move them in their proper periods. The 
whole may be made of wood, if required, and the wheels 
turned by elastic wire bands. To the machinery may be 
attached a simple movement, whose weight may descend down 
the wainscot of the room in any convenient place. Thus the 
planets will be seen moving round the sun in the concave 
above, in elliptic orbits and inclined planes, apparently revolv¬ 
ing in the heavens without any support. 

It is easy to conceive how the same principle, as far as it 
respects the eccentricity and angles of inclination, may be 
applied to either vertical or horizontal orreries ; by having the 
wires which support the planets sufiiciently stout to bear their 
weight either in a perpendicular or horizontal position, and 
sliHing in and out of small tubes as they pass round in the 
elliptic grooves on the face of the orrery. They may be drawn 
in bv the wheel-pin and cord, as described in fig. 2, and 
forced out by small springs. In this case their latitude may be 
marked on the supporting wires, and the top of the tube in 
which they slide will serve as an index; or the degrees may be 
marked on the edge of the groove cut in the tube, through which 
an index, fastened to the moving wire or stem which supports 
the planets, may pass; and thus give the latitude. 
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Description of a reflective Goniometer^ or Instrument 
Jor measuring the Angles of small Crystals, 

From the advaoces that have been made of late years in 
crystallography, a very large proportion of mineral substances 
may now be recognised, if we can ascertain the angular 
dimensions of their external forms, or the relative position of 
those surfaces that are exposed by fracture. But though the 
modibcations of tetrahedrons, of cubes, and of those other 
regular solids, to which the adventitious aid of geometry 
could be correctly applied, have been determined with the 
utmost precision, yet it has been often a subject of regret, 
that our instruments for measuring tlie angles of crystals are 
not possessed of equal accuracy, and that in applying the 
goniometer to small crystals, where the radius in contact with 
the surface is necessarily \ery short, the measures, even when 
taken with a steady hand, will often deviate too much from the 
truth to aid us in determining the species to which a substance 
belongs. 

A means of remedying this defect has lately occurred to 
me, by which in most cases the inclination of surfaces may be 
measured as exactly as is wanted for common purposes; and 
when the surfaces are sufliciently smooth to rellect a distinct 
image of distant objects, the position of faces only l-50lh of 
an inch in breadth may be determined with as much precision 
as those of any larger crystals. 

For this purpose, the ray of light rebected from the surface 
is employed as radius, instead of the surface itself; and 
accordingly, for a ratlins of l-OOth of an inch, we may sub¬ 
stitute either the distance of the eye from the crystal, which 
would naturally be about twelve or filteen inches; or for greater 
accuracy we may, by a second mode, substitute the distance of 
objects seen at a hundred or more yards from us. 

The instrument which 1 use, consists of a circle graduated 
on its edge, and mounted on a horizontal axle, supported by 
an upright pillar, plate LXXXVI, fig. 3. This axle being 
perforated, admits the passage of a smaller axle through it, 
to which any crystal of moderate size may be attached by a 
piece of wax, with its edge, or intersection of the surfaces, 
horizontal and parallel to the axis of motion. 
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This position of the crystal is Brst adjusted, so that by 
turning^ the smaller axle, each of the two surfaces, whose 
inclination is to be measured, will reflect the same light to 
the eye. 

The circle is then set to zero, or 180®, by an index attached 
to the pillar that supports it. 

Tlie small axle is then turned till the further surface 
reflects the light of a candle, or other deiinite object to the 
eye; and, lastly, (the eye being kept steadily in the same 
place,) the circle is turned by its larger axle, till the second 
surface reflects the same light. This second surface is thus 
ascertained to be in the same position as the former surface 
had been. The angle through >\hich the circle has moved, is 
in fact the supplement to the inclination of the surfaces; but 
as the graduations on its margin are numbered accordingly in 
an inverted order, the angle is correctly shown by the index 
without need of any computation. 

It may here be observed, that it is by no means necessary 
to have a clean uniform fracture for this application of the 
instrument to the structure of laminated substances ; for since 
all those small portions of a shattered surface, that are paral¬ 
lel to one another, (though not in the same plane,) glisten at 
once with the same light, the angle of an irregular fracture 
may be determined nearly as well, as when the reflecting frag¬ 
ments are actually in the same plane. 

Ill this method of taking the measure of an angle, when 
the eye and candle are only ten or twelve inches distant, a 
small error may arise from parallax, if the intersection of the 
planes or edge of the crystal be not accurately in a line with 
the axis of motion but such an error may be rendered in¬ 
sensible, oven in that mode of using the instrument, by due 
care in placing the crystal; and when the surfaces are suffi¬ 
ciently smooth to reflect a distinct image of objects, all error 
from the same source may be entirely obviated by •another 
method of using it. 


• I cannot omit nicntioiiin};, that Mr. Soweiby had tbonght of employing 
reflection for this purpose, nearly at the same time ai myself; but did not 
succeed to his satisfaction, in consequence of an attempt to fix the position of 
the eve. For when the line of sight is determined by a point connected with 
the apparatus, the radius employed is thereby limited to the extent of the 
iiistruiiicnt, and the error tiom parallax is manifestly increased. 
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For this purpose, if the eye be broag^ht within about an 
iuch of the reflecting surface, the reflected image of some 
distant chimney may be seen inverted beneath its’ true place, 
and by turning the small axle may be brought to correspoad 
apparently with the bottom of the house, (or with some other 
distant horizontal line.) In this position the surface accurately 
bisects the angle, which the height of that house subtends at 
the eye (or rather at the reflecting surface); then, by turning 
the whole circle and crystal together, the other surface, 
however small, may be brought exactly into the same position ; 
and the angle of the surfaces may thus be measured, with a 
degree of precision which has not hitherto been expected in 
goniometry. 

The accuracy, indeed, of this instrument is such, that a 
circle of moderate dimensions, witha\ernier adapted to it, 
will probably aflurd corrections to many former observations. 
I have already remarked one instance of a mistake that 
prevails respecting the common carbonate of lime, and 1 am 
induced to mention it, because this substance is very likely to 
be employed as a test of the correctness of such a goniometer, 
by any one who is not convinced of its accuracy from a distinct 
conception of the principles of its construction. 

The inclination of the surfaces of a primitive crvstal of 
carbonate of line is stated, with great appearance of precision 
to be 104° 28' 40" : a result deduced from the supposed p<tsi- 
tion of its axis at an angle of 45" with each of the surfaces, 
and from other seducing circumstances of apparent harmony 
by simple ratios. But however strong the presumption might 
be that this angle, which by measurement approaches to 45" is 
actually so, it must nevertheless be in I’act about 45" 20'; for 
I find that the inclination of the surfaces to each other is very 
nearly, if not accurately 105", as it was formerly deternnned 
to be by Huygens ;* and .since the measure of the superficial 
angle given by Sir Isaac Newton f corresponds with this de¬ 
termination of Huygens, his evidence may be considered as a 
further confirmation of the same result; for it may be pre- 
enmed, that be would not adopt the measures of others 
without a careful examination. 


* Opera Reliqua, Tom. I. p. 72—Tract, de Lumine. 

t NevrtOQ’a Optica, 8vo. p. 220. Qu. concerning Iceland Cirryatal. 
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In plnle IJOLXV]^ fi|f. ab is Un inraiwfi^ 
foiiioineter, . 9 Bndii«<^ OB iti edge. 

e c, Tbe ule of tbe circle. ,, j 

d, A millt^ liedd by which the cirde (•‘toiiguid* 

« e» The ■mall axle for tnmti^^^e cryitd* 
the circle. 

f, A milled head on the small axle* 

g, A brass plate sapi>orted by the pillar, wad gtadn^i^ as 
a Tender to every five miniites. 

h, The extremity of a small sprinw, by which the dnde is 
stopped at 180°, without tbe trouble <n rming off. f 

i t and k. Are two centres of motion, the oIhS horiaoptid# 
tbe other vertical, for adjusting the positimi of n cryMal. One 
turned by tbe handle /, and the other by the milled head m. 
The crystal being attached to a screw-head ^t tiie Pbmt n, 
(in the centre of all the motions.) with one of its. surmces af 
nearly parallel as may be to the milled head m, is next ri 
truly parallel to the axis by turning the handle I titi, the 
fleeted image of a horiaontal line is seen to be horincwtal.; 

By means of the milled head /, the second sur^pce is i 
brought into the position of the first, and if tiie reflected 
ima|e from this surface is found not to be horiamital, it is 
rendered so by turning the milled bead m, and since tins' 
motion is parallel to tiie first surface, it does not derange tiie 
preceding adjustmmit. 


A Drawing-board emd T-squa/re^ demg^fid iofaeiUtmU 
thA accurate delineatian oj arekiiectwredt meckanicait * 
and maihemaiical designs. 

* ' '' * 

The invention of ruling machines, in the art of cc^per-plate 
engraving, produced such a degree of perfection in the tints 
ruled by 4em, that a corresponding d^ree of .accuracy was 
immediately required in all the other departments of the art, 
urherever the use of the machine was introduced. 

iBut unfortunately for the credit nf this department of the 
art, a most general opinion wad directly formed, that engrav¬ 
ing dime with a machine required but little exertion- in tiie 
artist to attain pqrfection, ana that nearly the whole secret lay 
.in the possession of a ruling machine:—Experience has m<»t , 
43. VOL.' II. 2 N 
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« 

indiiliitiably prowd, tfmt in genend practice, the inV^Mtioa of 
araiing macnioe, at the same time mat It prodaced a poiti<% 
of perfection in the tints ruled hy it, never before seen, pre< 
seoted a degree of id^fflctilty in the drawing and finishing 
tle^iartinent, such 6 b liad never been expenenoed. Indeed, 
sbch an excess of difficulty as might have prevented Its adop- 
ti(m in the hsm^ of any other person than that of its most 
Ingenions iifventor. 

One of the most formidable difficulties which presents itself 
to th engmver of machinery and scientific subjects, is that of 
gettiog a correct* oufiine tracing upon the copper-plate. To 
effect this, transparent oiled paper (commonly ^called tracing 
paper,) is used for subjects of the free picturesque kind. But 
in plws, elevations, and sections of buildings, machinery, 8 tc. 
80& means are of little or no use; because, when such tra¬ 
cings are passed throtgh the rolling-press to transmit the 
outline to the copper-plate, its unequd expansion while under 
ffie process Of wetting, and likewise in its passage through, 
prounces such a degree of error (especifdly when the ruKog 
machine is employed) as to render such tracing completely 
useless. » 

To obviate this evil, the engravOr has no other resource 
dban to make a very correct outline reversed from his original 
*'drawtog upon thin bank post paper, and having smeared the 
back with red chalk, carefully trace over each line, when fhe 
outline is laid down upon the varnished copper-plate. 

Hence it appean eyident, that much will depend upon the 
nicety of the outline thus made, and as a means of ensuring 
accuracy of form and delicacy of execution, it became necessary 
to i^rove tbr construction of the drawing boards employed. 

Whenever very *htn paper is used for making outlines upon 
(and which is absolutely requisite in the case alluded to) con¬ 
siderable difficulty is foqnd by ffie surface of die board giving 
way, wherever compasses are nsed for taking dimensions; but 
more particularly in all cases where a number of Ooneentrio 
circles are to be described firmn the same point, the large boles 
produced in the drawing rendering it very unsightly, at the 
same time that all aecnraoy is destroyed by Hie centre hde fre- 
qnently shifting into a hollow produced by the gndn of the 
wood* ' 

To avoid erms of this kittd, the Inventor some yeiMego 
had recoarsd to a drawing board, covered with a plate ^ hop¬ 
per, whioh answered toleiUbly well, but iHlen a point was 
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priok«d thiOBgh the paper, it was soarcelr visible, owing Jp 
the colour of the copper, which, being reddish, rendered tfie 
dot or puncture rery indistinot, while the surface was likely 
to have a very onpleasant oxMe produced uppn it, owing to 
the necessity of stretching the paper while in a wetted state. 
He therefore covered the drawing board *witb a plate of rolled 
ainc, which may be had of almost any dimensions, at Knighf s 
in Foster Xiane, Chaapside, London; and having made use of 
drawing boards of this kind for nemrly two years, he can speak 
with confidence of their advantages, and assures tiliose artists 
who may be inclined to sacrifice a small additimial expense to 
obtain the means of making their drawings with neatness and 
accuracy, that they will not be disi^pointed if they possess a 
board of this description. 

The advantages of ainc for this purpose are found to be, 
that it is soft enough to admit of the insertion of a point suffi< 
ciently deep to be plainly seen, and yet hard enough to prevent 
the point from going to any considerable depth, so as to permit 
large holM to be made in the paper, and the drawing being 
complete, whatever holes are made in toe zinc, may be bnr> 
nished down by robbing the thumb-nail over them, which will 
sufficiently close them. 

When oxidation of the metal takes place, it should be suf¬ 
fered to remain, because its whiteness neljra to render the thin 
paper opaque, and consequently toe lines drawn upon it will be 
the more plainly seen. 

When the sides of the frame of a drawing board are straight 
lines, and nicely perpendicular to each other, parallel and per- 
pencUkiohur lines mav be vety correctly drawn with a good T- 
sqnare; but as wood is continually warping with evei^ change 
of weather, accuracy cannot be expected from such imperfect 
means. 

To prevent any error arising from this circumstance, it is 
a further improvement of the drawing board to screw a solid 
rim of brass upon its upper surfaoe, permitting it to prmect a 
small dfrtance beyond outer edges , of tbe wooden frame, 
so that the stock cif the T-square may slide against ^either edge. 
This bram rim being dressed veiy true and at right angles, 
wiU remain so for any length of tkne, as noihiqg but extraor- 
diuary violeuce^an tomre it. 

The present invention sprung from necessity, origlaatiDg 
in the very rninato size of toe engravings of the present day, 
added to which, a degree of aeepacy is required, that cap 
only be attained by a correspondibg improvemenf in the apps^ 





« 

276 COMPIWDIVM 6P PRA<^10Ali mvSMTtdMS. 


TWfrtTt in^ttremmi qfik* drmmimg hmrd. 


iiykQS i fiod !br such porposes, the sino pkte mmy be 

applied to a comihoa drawing board, and the brata rin to the 
frame; Uierefore thm^ peraong who poeaess a set cd* drawing 
boards, may have them improydS at a small expense. 

The same objei^on that applies to the frame of a drawing 
board, applies eqnallyto aT-sqoare made with a woodmi blade, 
and fixed immoveably to its stock; for if ever any injury happens 
to the fidndal Or drawing edges, by a blow causing an indenta* 
tion, or by the wood warping through a change of weather, it 
must r^ain, because the blade being glued fast to the stock, 
does not admit of being corrected wi^oot considerable difficulty. 

Hie new square now proposed, therefore, is so oonstruoted 
as to permit the blade to be withdrawn from the stock, for the 
putpose of correction, should any accident occur to it; mid 
the sdme means which permit the blade to be removed for the 
purpose of correction and adjustment, enables the draughts¬ 
man to hse it as a bevel at any angle, where it may be fixed 
^y a clamp'und thumb-screw. 

Should die weight of this invention be deemed an objection 
to its nse, it may be steted that it may be made in ebony or box¬ 
wood, which WonkI render it as light as a omnmon square. 
The blade may be very easily set to a rightnngle by making it 
coincide with a line drawn on the arc for that purpose, where 
it may be fixbd by the damp. 

Fig. I, plate LXXX VII. respresents a plan of the draw¬ 
ing board and frame. Hie surface AA, shows the zinc plate, 
fastened round its edge with small copper pins, the heads of 
which are sunk and made smooth with ffie zinc surface. BB, 
represent the brass rim, made in one piece, and screwed to the 
wooden frame of the drawing board by counter^snnk screws. 
The edges of this brass rim diould be finwhed and set at right 
angles after it is screwed down to the frame. 

Fig. 2, shows a section of fig. 1, taken throi^ the.line 
AA. In this figure it may be seen that tim upper surfaces of 
the hrCM and'due are so fitted as to be in the same plane. 
Hie small buttons CCCC» being formed like small wedges, may 
he pressed into the grooves made in the frame to receive toem. 
Tbeito, hs a mode off fastening Bie board ta tha framab will be 
fouiid preferable to fiie wedges in common nse, u they nmy 
bft'junto lied to a neater number of points, whick will be fbond 
rwWm ^faen me bos^ is large* 

• 5; shows a view ofw'T-square with aa adiastingblade, 

dDihsei^iiently it can be set topay an|^, and fixedta the arc G, 
f^the thumb-screw D. * 
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Fig. 4, represents a section of fig. 3, in wfaiofa thf 
of the thnmbosorew C, and the clamp.may be rabre dijix 
tioctly seen, as likewise the screw F, upon which the Maia 
tarns as a centre. 

The screw F being withdrawn, penmts the blade,to be 
taken out, and the edges repaired, if they ahonld receive any 
injury from wear or accident. The arc G, being divided into 
degr^s, permits the blade to be placed at any angle, where it 
may be fixed by the thnmb-screw D. 

The frame and pannel of the drawing board should be 
made of hard, dry, and knotty mahogany, wood of that de* 
scription being least liable to warp; and the frame, for a board 
of the smallest size, should be about an inch . thick. As it 
will scarcely be possible to produce a perfect contact through¬ 
out, between the plate of isinc, and the pannel of the drawing 
board, it will be advantageous to smear the surface of the 
pannel with a thick solution of common glue, immediately 
before the plate is screwed down upon it: though glue will 
not adhere to the metal, it will fill interstices which might 
otherwise give a spring to the surface of the plate; and it has 
this advantage over other cements, that while it is evmy-where 
procurable and cheap, it is not injured or displaced by any 
moderate Increase of temperature. 

To render this drawing board complete, tiie surface should 
be a true plane, and to obtain this will not be found an easy 
task, by ordinary artisans or by ordinary modes of working. 
The easiest mode of eflfecting the purpose,, might perhaps be to 
have the surface ground by the stone-mason, upon a flat surface 
.of fine sandstone; but as water must be used in this operation, 
it would be apt to warp the wood in drying;—an effect which 
cannot by any means be with certainty guarded agmnst, 
although it may be obviated in some degree, by wetting every 
part of the wdod equally, and afterwards samBiing it to dry 
very slowly, by placing it in the shade, and in a cool situation. 
The surest mode, however, of obtaining the desired pbject will 
be by filing, agreeably to the directions given in the ** Panorama 
of Science and Art,” Vol. 1: and to that work, and to page 221. 
of this Volume, we refer for the art of obtaining a true plane by 
grinding. 

Althongh the ingenious inventor of the improved drawing 
board described in this article, recommends the small studs 
CCGC, in preference to the usual wedges, yet this mode of 
fastening tiie pannel, is not jMobably, on the whole, equal 
to .that shown at fig. 5, whicwrepresents a transverse section 
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#«4Kfill% lMnr4b B to B, fig.l: AA, tN Moel 

llw li»gitedM'’iiiM4^,lPF. » 
lilt’' ’4f«iliiig ^boNiii'^' 
ei^iKdliw tW«|lii|»lti|tl» ti 

tibemt SiMI 1 m 4 A» tin tmttMl hUmA Mtodiiqf «Rlli»d»(i 
of wMA |ti»y felwrtrwteii to the Mni^ <rf twttAnlwait No 
^Oard Amdd liioolew tlwi tiro sooh iM»t^ ttd for i<rg r4r ow* 
in|^ boo|dill«iB''bo proper to boro eooot BwAiOtitoMi tiOverf 
eiftt iitiiittii Thaw bort rottln tito paantl id flat 

poaitioo^ iimI leaist oat ontf tbo tondeBi^it iM to warp, 
W tbopiMMaro to wliidh dcawisf hooida ato otdaii Wiilljr oot^^ 
joeted by koate^ opao tiMV. 


An luMimment/cr drawing EUipws, 


Fig. I^ rialo liXMVm, k agoMwi akw^ef tboiiiatni- 
loaat, ooBSiatiDg prioapalljf of a firaunet wheel, aod arm, for 
can 7 nig the peocil, tracer, or pea. The whole bemgaoppoaed 
to bt maced apoa a table or arawing board, nay be tbos de- 
aoribedt CC,(5D,foetoftbel5niBe, wbieharo placed ia parallel 
liaea loagitadiaidly opoa the table or drawiag board. 

DD, D0. tmed pillara of braaa firady fixed to the feet 

GG. CG« 

BF. a bortaootol beam with a grooro AA, fixed to the fopa. 

of toe piHara FD.* - . 

BFt ghldea* 4MHb eoaefat^ of a baaaa bw wd a am 
iifilNtoett k<tii(fB horiaoatil 


f ‘jL_i -JLiJiLi 


or to toe table; aad at right aaglea to too leogitadtoai anddle 
of the bean ; a c c, a wheel, groored on the edge, ao aa 
to fit and elide apeo toe eted plaloa BB, BB, aad to nore 
fiMy and exaetly toereea^ eo that toe centre of tb^M nay 
bd eninpelled lo deeeriba aotraigbt fine parcel to tte table or 
drawing board, and at iMt aaglea to the longitodinal greoroor 
iti* A M to toe bff*** BhL 

Hie ' Mii of toe wheel aio placed at rigfat angina to each 
efiHMr. andoaeof toenbmiadodoabte* ao into contain a giwe 
d A to wbitor ie inaerted a aiidcto toad# to fit toe groove oaaetly^ 

and mere fifcily tberdin. 
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a b, A luuidl«», censistitig of » niUed lioiid 0* %iiid tnensi, 
{nllsr b, inade to fit the slit or gr^?e AAt Jd ^ heam Jl^ t 
and having a at ite end* vhioh majt be aareaed into 
slider at fdeasnre,^ and make it fast tiie groove d d, of the 
wheel. 

s «, A vmtieal piece brass, firmly atbuched to the under 
faee or rim of the wheel, at one end of the groove d d, 

//, bAA An arm jointed at//, to the vertical pieee s t, 
so as to move only in a vertical plane passing longitndiaaUy 
along the middle of Ine groove d d, in the doable arm td the 
wheel. 

t *, A tube or case, to contain a pencil, pen, or traoec; 
made to slide along the arm AAA, and to be fixed by a milled 
beaded screw; (which in this view. Is hid by the rim of the 
wheel;) the tracer, when fitted in ^e tnbe, bmng of such a 
length, as when the point is resting on the pq>er, the arm may 
be parallel to the plane of the board; and the tracer is fixed in 
the tnbe by a small milled headed screw, shown at the lower 
end of the tnbe. 

The parts of the perspective view of the instarnment bemg 
thus described; suppose then, the handle a b, is fixed m the 
centre of the wheri; iteis plain that when it is tamed rcnmd 
with the wheel, the cei^ will have an invariaUe positimi; 
but if it be fixed ont of the centre, it is evident, then, tlmt 
the centre will describe a straight line, parallel to, and eqni- 
distant from, fiie steel edges BB, BB, of the gnidss; and 
because the arm A A A, is in tHe same vertical plane wifii the 
poove d d, ib the doable arms of the wheel; and all the points 
in ^e longitudinal direction of the arm* fixed irith respeot to 
Ihose which pass longtoBdinally along said groove; tome 
is toeretore a certain pointer, in toe arm AAh,isk the sanse 
verfieal line w^ toe oentre ^ the wbecA; and since the centra 
of toe whral is always in a straight .line parallel to the board 
or table, and at right aagles to toe beam ££, the saidporat 
hi in the arm, will also be in a straight fine, paralied to the 
board or ttole, and in a vertical plane passing throngb toe fine 
described by toe centre of the wheel; and because toe axis of 
the handle ah;is likewise in the IIm which passes longitodi- 
nidiy almig the groove d d, kKdnded toe arms of the wheel, 
thera will^ be two points in this longptodinal fine passing along 
toe groove of toe wheel; tbffi ena which is in the axis of toe 
handie a h, moving along thri n^dlp of the groove AA, of 
the cross bram £E; and toe other, which is the centre of the 
wheel, moving at right angles therewith, parallel to the board; 
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•nd >oonseqa«ttly, the arm h h h, will also have two such 
points moving' horizontally; the one which passes through 
the handle ab, in a vertical plane passing along the middle of 
the groove AA in the beam jl^; and the other, in a vertical 
plane, passing throngh the line d d, described by the centre of 
the wheel; and as the horizontal section of these two vertical 
planes are two horizontal straight .lines, at right angles to each 
other, the one point of the arm A A A, will move in the one line, 
and the other point in the otht^r line. 

It is therefore evident, when the UKis of the handle a b 
and the centre of the wheel are coincident, that every point in 
the arm AAA mast describe the circumference of a circle; but 
when these two points are separated, every point in the arm 
AAA will describe an ellipsis. 

Fig. 2, tbe face of the wheel; dd, the middle of the groove, 
referr^ to in the general view. 

Fig. 3, profile or edge of tbe wheel, showing its* conneo- 
4ion with tbe arm A A A.‘ From this figure, tbe method of 
setting tbe instrument, in order to d^cribe an ellipse of any 
given dimensions, will be shown. Thus, let k be the point in 
the arm AAA corresponding to the centre of the wheel, which 
is here a fixed point; make k I equal* to the difference of the 
two semi>axe8; / will then be the centre of the handle a A, 
vdiich ought therefore to be screwed at that distance from the 
centre of the wheel in the groove d d, and also midte k i equal 
to the lesser semi-axis; and the instrmnent will then be set, so 
as to describe the dlipse. 

It is obvious, that as tbe arm AAA, has no interruption 
apim it, the point t may be made to coincide with A, by which 
means the tracer will describe a straight line, which may be in 
length tbe doable of f k. In using me instrument, the nulled 
head of tbe handle should be twisted round with the thumb and 
fingers, at the same time letting it obey the direction given to 
it, by sliding along tbe groove AA. <in the beam ££, 'without 
impraiment or hioderance. 

In adjusting the instrument, the two grooves, namely the 
move AA in tbe beam ££, and the groove d in the wheel, 
M^nld be brought underoeath each oUier, so as to be in one 
elra%bt line; then move the handle a bt until its centre shall 
•be Id the point I, fig. 2 and 8 ;'rr4ts distance firmn the jpoint t,. 
in the arm A A It, will be equal f|o the serni-transverm diameter 
of the ellipse; and make me distance of the tracer, from the 
point k, equal to t, which will bq,pqDnl fo its semi-coiyugate 
diameter. 
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Pig. ^ sbowa the upj^ side of tiie aim kkk, 
alider t. and the finm of tne joint at//. «’ ^ ^ 

Fig. 5, the side of the ver^cal piece et hlraM^ shanm ^ 
ee^fig. 1. 

Fig. 6f the bcnrieoDtal beam, with tlm two pillars DD; and 
the ends ^ straight edges, or traasTerse pieces BB, aloaf 
which the wheel riides. *■' 

The steel plates shewn at BB, ke^ the whed alwi^s in the 
plane of its face. 

Fig. 7, shows tK^e cross beam ££, with its grooTe AA; a^ 
the two transverse pieces BB, in their real proportions; see its 
connection in the geae^ view, fig. 1. 

Figs. 8 and 9, the slider, with a socket screw to receiim 
the screwed end of the handle ah; its longitudinal directioa is 
shown at fig. 8, and its section at fig. 9; when the end fiathest 
from the handle is made to touch the rim of the wheel, the han¬ 
dle will be in the centre of the wheel. 

Fig. 10, the handle for turning the instrament by, consist* 
iag of a pillar 6, with the screwed end, and a milled head 
shown in the general view, fig. 1, at a h. h 

Fig. 11, &e tracer or steel point, which will be nsefid 
upon copper; it will, however, be mo<^ better to have UiiamaB 
comcal diamond point, fitted .into the steel; for a ste^ poiid^ 
applied to copper in a machine, does not, however well tem# 
pored, perfectly clear away the etching gronad. 

Fig. 12, the drawu^ pen, for describing the eUiptio curve 
upon paper with ink. 


•The aimplidty of die construction of this instmmeatt^whioii 
Inventcnr proposes to call an is ceitain^ ua 

neall reoommmidation of it; and in the facility of its a^ust* 
meet, uid ezAent of its range, it can scarcely be ezoeUed. 
will be observed, that if the centre screw is placed in lie 
greatest, or, indeed, say ecoentrioity, and the pencil immedi¬ 
ately under it, the pencil, on turning, the wheel, will he loaed 
to itoeertbe a right line, li; on the contrary, the ceiitoe screw 
is^aeed ki the centre of tlm wheel, the pencil will describe a 
oBrie, v^ch amy be dunhsished dowa to a, point, without 
BWBff Itoy oeaUa nark, and henee the iastraaient is citable 
of daseribing aveiy proportioii of eUipsabetwem the oircn and 
the right Une. 
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Am Angmlomeler^ fir lustrwmiU far mmsuHng. 

Angles, 

The pfrincilKil uses for which ibis instromeni is intendvd 
are, the laying down and measuring of angles; and, as pro¬ 
portional compasses. It may also be used instead id* triangular 
compasses, and the simple dividers. The leading objects ^the 
iOtrention are to prevent the trouble and inconvenience of being 
obliged to produce the legs of angles of short radii to measure 
them, and of making the dots so much farther firoin the angular 
point in laving them down by the instruments now in use, than 
is wanted for the length of the sides. 

The angulometer consists of two straight brass bars of any 
length, framed together by a single joint moving on a ate^ 
centre similar to a common carpenter’s rule, except that 
the external edges or sides form tangents to the civonlar 
cheeks or sides of the joint; the internal sides are made paral¬ 
lel to these, and their bounding lines, if produced across the 
joint, would fall on the outside of the centre, leaving the span 
of-abnut one-eighth of an inch between tbmn ; this space is to 
allow for tlie thickness of two nonius sliders, which move the 
whole length of the bars, each carrying a steel point at right 
angles to the place in which the bars move; these points are 
made like those of the common compasses, and of a length 
to the fancy of the user. A t the end of each bar, and in the 
same plane, is fixed another steel point; the inner surfaces of 
both TOese pairs of points are close together, wdMlMdie infllra- 
ment is supposed to be closed. From the joinl: «Bd of OBf 
of the bars springs an arc of a circle containing a f little diMBi 
Hian a quadrant, placed in such a maimer as.teaallow nf^iiyhe 
slider passing close np io'tb#'joint; this circle, «faieh'.is ,|li 
the same plane with the broad surface of the joint, is JUsided 
into'^ degrees, and vnmbeved with a dopble rov os Jgnres 
—Uie first row fippm >fiO to 90 denees gnd thd. aSM W t n d 
from 90 to 180. its radins may be as small «08.iena. 4M|i4 
hot when portability is net of oeaseiiuencOr a mdin§ af jmp 
smd'ft half rnohes is bettor,>fisr ibeocala beiiig«Mr»ope||«.d0lt 
4MMb<iishece8sary*to'avoid.arson. ' ' - 'r/ i -veu .. 

The leg to which this arc is attached, iiiay^;^;.1iRld^d)!f 
distinction, be called the moveable leg; the oOier which carries 
the nonius, the base. The centre is tamed-with a fianch, 

from the bottom of which proceeds a point of the same length 

' * 
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as those in the sliders, and rs used as the angular point ; tho 
other end of the centre, after passing through Die joint, is filed 
square, and a collet fitted on it; about the fourth of as indi 
that remains about the collet is tapped, and the whole secured 
together by a milled bead screwed down upon the collet; 
between this collet and the joint cheek of the base-bar, the 
nioveable leg turns; the other is prevented from having any 
motion on the cmitre by two steady pins passing through, the 
fianch into the joint. 

Upon this centre point a nonius is fi^xed by a spring pipe» 
so as to have a stiff motion upon it as a centre, and secured i& 
its place by a small collet; the other end laps over the arcs iu 
the usual way, and is divided so as to read to five minutes. 

The arc being only 90 degrees, will of coarse measure no 
greater than a right angle; but when the instrument is wanted 
to measure a greater, it is only necessary to push the nonius 
back as far as it will go, and read by the second row of figures; 
it will then measure any angle that wants five degrt-es of a 
semi-circle. 

The nonius is prevented being poshed too far backward or 
forward, by two pins fixed iu the joint. 

The divisions on the two bars are for dividing lines, in the 
same way as with proportional compasses. 


TO USB THE ANGULOAiSTEB. 

To lay down an angle :—Hold the instromont iu the left 
hand by the milled head ; grasp the end of the base with the 
fingers of the right hand: and with the thumb, pnsh the sli¬ 
der to any part of the base required; set the slider on the 
moveable leg by the same way, and open the angulometer Iu 
Che angle required; then place it on paper, gently press on 
the points, and draw the lines at pleasure. 

To measure an angle:—Place the sliders on both legs as 
hfifbsre, so that the points will fall on any part of the sides of 
the proposed angle; tben^placing the angular point on ^tiMr 
^Upeit of the angle of the Imse slider, point on one line, and 
keep the other just clear of the paper, and with the finger and 
thumb press the instrument together till the moveable point 
with fall on the other side of the angle; and the nonius will 
show the number of degrees and minutes. 

As proportional compasses-Place the indices on the 
sliders to tne required No. on each leg; and take the extent 










tli« tine to be divided between tbe 
pQitioiial pert wW be given the 
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Fig. 1, ^te LXXXIX, m general i^w ol^tbe udo¬ 
meter, wbico anewera tbe pnrposea of n protraotir, n three* 
l eg g e d compass, and also a mportionai compass, 

^ AA, tbe jototed at JB : B the with a'^iprojecting 
pin fiw tbe under side, shown at F: GC, sllden^ moveable 
at pleasure upon the legs AA, to which we attaduol tbe pro- 
jeotiog points DD. 

The extreme point F, of the pin, is in tbe tine el tbe axis 
of the centre-pin of Uie joint. 

Tbe points BE, toe extremities of toe legs AA, and tbe 
points DD, virlich project from the sliders, are all in a plane 
pusing throng toe axis of the centre-j^, when the instrament 
IS shot; and, when open at any angle, tbe point F, and the 
points DD, are in a plane perpendicular to tbe axis of the centre 
l^n; the ^adrant is of the same piece of brass with ^ipie of 
the Isgss jEl, the vernier, in ordm toijti^rtoe the degre^dnto 
minutes. V. 

. Fig. 2, one df tbe legs o£ toe Instrument, shown cm tbe 
edge, with the centre-pin end point at the end of it. 

Fig. 3, side of the same. 

Fig. 4, edge of tbe other leg. 

Fig. 5, edge of toe other leg, with tbe quadrant. 

Fig. 6, one of tbe sliders, shown separately. 

7, the vernier, shown on the face, with the bole tbroogh 
dddch tbe centre-pin passes. 

Fig. 8, the vernier, shown on the edge. 

Fig. 9, the milled beaded not, which tightens tbe instrument, 
toown on toe edge. p 

Fig. 10, wuner under the milled beaded not, shown on the 
agge and face. 

Fig. 11, a milled beaded nut, next to tbe point 

Fig. 12, view of tbe ‘upper part of the instrament, taken 
edgeway. 
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Take ^ 0aett ffaised ebarooa} ^lat eea ie pf<o^ne4«r«M 
•aw it into ^riips of Ike iiae and fotni re<|fiired : |Nit tibie 
into a pipkin m mMted lieei**wax, and permit them to imniiii 
near a slow .fire for half an hoar or m<»e, in prnportioa to Ike 
tbicknesrof the charcoal; they are then to be taken oot, and 
whmi per^tiy cool, are fit for nee. By addii^ a small qnan- 
tity of rosin to the wax, they mav'be made ooaslaerahly harder; 
and, on the contrary, sfaonld they be reqairml softer, a litfie 
batter or tallow will amiwer the norposo. 

The advantages these pencils possess, are^ that can 
be made at the most trifling expense, and at^ any time; and 
that drawings made with them are not liable to injiay by bebif 
robbed, or remaining in the damp. The charcoal fbip pro* 

E ared answers the pnrpose of black-lead, not only for drasoHl^ 
ot fat making memonmdoBu. . 

The same process willhardmi both red and black cbdk, and 
make tiiem permanent dao. 

Ihe softest charcoal that can beef anynse for thii porpose, 
is made of willow-wood; the hardest, of box-wood; fiSatef 
maple is of intermediate hardness, and probably the mqjrt 
namol. The easiest mode of prqmring a small qoantite ol 
charcoal is to pnt slips of wood nprig^t into a omeibis mr 
ircm pot, and cover me whole wilb smid; fiben to place the 
potia a fire, and snfferit to remain filk nponblid, theafiac 
are fonndto be charred to the centre. Tito pieces geocnmy 
warp in the operafion, and therefore, ifivwaated strmght lof 
pencils, they shonld, when out in their raw stole, be thtototo 
than they will be reqoired for nse, in ordmr to aUowfbr idtop 
ing them afterwards. Tbey^mnst net be taken out ^ the im 

liU'Cold. ’ • 

The willow charcoal ia the sort ased>hy eB§caffli«, in polish¬ 
ing, copper-plates, and for giving a ^ even. nrlto® ^ <dber 
celt metids ; the. peacUt made of it are exeelient tor working 
fim^. , ■ ‘ , 4.. 

. lesr the access of air, 4*iring die process of ohae- 
liag, the harder toe ohareoal of the same wo<m becomes; hid 
toe method nbove pro{fo8ed, to cover toe wood with tend, Is 
best adapted to toe present pnipeie. 
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Am imf^ovemmt of ilie Vheodolite; amd a new method 
of cutiing" am accurate Screm^ 

Tbe proposed improTeiDeot of the theodolite is this^ tbut 
iaetead of reading the visions by a nonius or vernier, they 
are read by a micrometer,—a method certainly cakabited to 
jfooilitate the accaraie reading of them, but it renders itulis- 
peasable a very correct screw, and a new and simple method 
of cutting such a screw is therefore combined with ^ acconnt 
of it in this article. 

Fig. 1. plate XC, part of tbe theodolite, divided to bsH* 
degrees, showing tbe endless screw, a, clamped close in : 6, the 
screw that fastens it, by loosening which it is disengaged | tbe 
screw-frame then moves freely on tbe axis d, on which it tnrns. 
The theodolite is divided into half degrees; the edge is cut into 
as many (720) threads, consei|uently one revolution of the screw 
moves the tbcHKlolite half a degree: e, a micrometer on tbe 
screw a, divided into thirty, which gives minutes, and these sub¬ 
divided into four, give quarter minutes. 

Fig. 2, a section of the circle, tbe parts a little separated 
to show tbe construction; tbe rack in tbe edge is parted in tbe 
middle : tbe npper half, is a ring screwed to it, with twdve 
Screws, thirty degrees apart, h. The rim of the nndmr plate, 
ea which the circle moves: t, tbe plate, carrying tbe screw- 
frame: a, section of tbe screw : k, the needle. 

Fig. 3, part of the screw-frame, showing tbe split bead for 
kidding the screw, and tbe axis, if, on which tbe frame moves. 

Fig. A, tbe end of the axis of the screw, with tbe micro¬ 
meter s« taken off: 6, tbe small screw, which fixes tbe micro¬ 
meter when adjusted. 

Fig. 5, tbe frame for catting screws: n, tbe stock, which 
holds tbe cutter or half die m: oo, two chaps, which hold the 
cylinder to be cut; they are fastened to a plate which slides ia 
the dovetail, qr, tbe screw which forces the cylinder 

against the cotter. 

The ontters are ongiaally tapped ia tiieir place, coasm 
quently true to the chaps. The tap being made similar to the 
eoeew #, which is represented in the chaps, a small winch is to 
be put on the square end r, to turn it round in the chaps: o o, 
most be apart foil twice the length of tbe screw to be cut; 
two cotters are. used to. cut the sorew: the cnlter, fig. fi, is 
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first pat in; the oater dotted circle is the diameter of thie 
cylinder or top of the thread; the inner dotted circle ia the 
bottom of the thread: tbfs first fits the outside diameter of tiie 
cylinder, by which it gives a trae lead: w^ben this has cat a 
quarter or a third down, it is taken out, and fig. 7 is put in, 
which fits the bottom of the thread, (as shown by tlie dotted 
circle.) Though the cuttors (being made in their place) are 
sure to give a truly cylindrical screw; yet if the end moving 
in one chap, is bigger than the other, it will give a screw taper 
the contrary way; therefore the parts taken hold of by the cha^ 
must be of the same size; and if there should be any fault 
in the cutter when the screw is cut, passing it once through 
the contrary way will equalize it, and the thread must then be 
perpendicular to the axis, and perfectly concentric. 

Fig. 8, a top view of the stock ft, and cuCter m. 

Fig. 9, a side view of the frame.- 

The above only shows the method of setting screws for com* 
mon nse, but the machine also generates original screws per¬ 
fectly true, of any number of threads, and right or left banded. 
In this case, the stock and cutter are made as fig. 10, and fig. 11; 
the back of the stock is made into the segment of a circle, <: 
and the top of the cutter is continued into an index, t; the 
cutter is a single thread, and moves on its edge n, as a centre; 
this must fit true, and the stock fit close to the cntter to keep 
it perfectly steady : u, «, two screws, to adjust and fasten the 
cutter at any required angle. The cntter should be rather elUp- 
ticfil, for it is best to fit well to the cylinder at tiie greatest 
angle it will ever be used. When one tuni has been given te 
the cylinder, fig. 12, a tooth to, is put into the cut, and screwed 
fast: this tooth secures the lead, and cause every followicg 
thread to be a r^etition of the first; and, though it might do 
withont, yet this is a satisfactory security. 

A true screw is, in mgny branches of mechanics, of the first 
importance, and would always be preferred to an imperfect 
one, if St conld be easily obtained ; but the difficulty m pro¬ 
ducing such an one is known by skilful workmen to be very 
great, and in fadt quite impossible hy the dies, screw-plates, 
or any of means in ordinary use. The machine, invented 
late desse Rnmsden, is out the screw of his divid- 
^ engine, wenSd at tiiis timb Cost abeat fifty guineas, and 
it only cuts a Short sevew, suCb’ aa tbe dbbse inimntieD^will 
execute. 

It is always advisable to have two dies or cutters, the 
ohe larger in diameter than the other; the largest, proper to 
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Dissertations upon Painting in 0/7, in a manner similar 
to that practised in the ancient Venetian School. 

DISSERTATION I. 

The method of painting practised in the ancient Venetian 
School appears to have been the following:— 

The cloth was primed with colours in distemper, of a 
brownish hue, sucli as would properly enter into the darkest 
parts of the picture. The most transparent colours were 
preferred. Umber appears to have been most generally used, 
broken with red, \ellow, or blue, according to the tint intended 
to be produced, and diluted with chalk or whiting to the 
proper degree of strength. Upon the ground so prepared, the 
subject was correctly drawn with umber, pure or mixed lake, 
blue or black ; and with the same colours, the shadows that 
were dar wor lhan the ground were then painted in. 

Tlie artist next painted the lights with pure white, in a solid 
body where the light was briglitest, or where the full efl'ect 
of colour was to be produced ; and, where the demi-tints were 
afterwards to be, scumbled it thinner by degrees, till it united 
v.’itli the shadows. 

In this manner the chiaro-oscuro was finished as much as 
possible, and the local colour of every object in the picture 
glazed over it. All th'^ colours used in this part of the work 
were ground in oil, which was absorbed into the ground, the 
pictuie remaining flat, something like a picture in water-colours 
or crayons ; it was then varnished, till saturated with varnish, 
and the full of every colour being thus brought out, the picture 
was complete. 

Upon the most superficial view of this process, it will be 
evident that a picture painted by it is, as to all visible proper¬ 
ties, a varnish picture : for the small quantity of oil that has 
been used, sunk into the ground, and never can rise again 
to be hurtful; while the varnish being laid on after the colours, 
gives them all the brilliancy and durability they can derive 
from that vehicle, without being liable to the objections that 
are made to painting in varnish, supposing it to be used in the 
same manner as oil in painting with oil. It is true that this 
mode of painting is itself liable to some objections, though 
it will hereafter be shown that these are not incapable of being 
obviated. Here it may be observed, that as anv varnish niay 
45. VOL. 11 . 2 p 
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be used, it is to this circumstance we must attribute the difTfirent 
dejjree of durability in pictures of the Venetian school; some 
of which resist the most powerful solvents, while others would be 
destroyed by the weakest; though both possessing the apparent 
properties that distinguished V enetian pictures from alt others. 

Painting is not a mere mechanical art, that may be iufal- 
liblv prattised b\ a receipt, but such appears to have been the 
general system of the V'^enetian school, though variously modi¬ 
fied in the works of dillerent artists, both of that and of the 
Flemish school, which was derived from it. It is susceptible 
of almost an infinite number of modifications, in proportion to 
the talents and judgment employed u])ou it, and of the objects 
to be painted. This being the case, if it is proved by experi¬ 
ment, that effects similar to those of the Venetian pictures may 
be produced by this method, and that the svstem has a strong 
tendency to produce that brilliancy and harmony ol colouring 
which are so much admired, with more certainty and facility 
than those qualities can be obtained by any other mode of 
painting, it may certainly he allowed that this view of the prac¬ 
tice of the Venetian school is correc t. 

The Author of this essay having once asked Sir Joshua 
Reynolds, by what circumstances, in the management of a 
picture, he thought the harmony ot colouring was to be pro¬ 
duced ? he replied," A unity of light and a unity of shadow 
should pervade the whole.” He explained the difficulty of 
reducing the various colours of all the objects that may be 
included in a picture, and the various modifications of those 
colours, to this simple harmonious state; and remarked, that 
a picture, to possess harmony of colouring, should look as 
if it was painted with one colour, (suppose umber and white) 
and when the chiaro oscuro was complete, the colour of each 
object should be glazed over it.” 

This observation, from such authority, was impressed with 
peculiar force on the Author’s mind ; and in retracing its ope¬ 
ration on a subject which has long engaged bis attention, he 
considers it as the clue which guided him through all his 
experiments, and which will enable him to prove that the 
beautiful and simple practice thus suggested as a simile, was 
literally the practice of that school, upon whose works bis 
ideas of colouring were founded. That this was the fact, how¬ 
ever, appears not to have struck Sir Joshua, or he would not 
have given his observation the form ot a simile, to simplify 
his description of a practice which bethought both difficult and 
complex. 






CLASS II.—PHILOSOPHICAL APPARATUS AHD PlHH A)tTS.29i 


Sheldrake on the ancient Venetian mode tff painting. 


It is the Newtonian doctrine of light and colours, that all 
colours are inherent in light, and are rendered visible by the 
action of various bodies, which reflect particular rays and 
absorb the rest. Without disputing the truth of this doctrine^ 
it is to be observed, that a painter must consider the objects 
he represents as being analogous to the materials he uses to 
represent them ; and, in this view of the subject, colour is to be 
considered as a property inherent in bodies, which is rendered 
visible by the contact of light, a colourless, or at least a 
mono-coloured substance; and shadow the mere privation of 
light. 

A picture may represent either a group of pictures, or 
other objects, in a room, or any objects in the open air; 
whatever the situation may be, it represents certain objects in 
a given space, possessing individually their peculiar colours, 
ainl generally exposed to the operations of light. The quan¬ 
tity of light each can receive must depend upon its form, and 
its position respecting that part whence the light comes ; for, 
in proportion as other parts recede from the light, the shadow 
be(ouies visible: but shadow is only privation of light, and 
privation of colour in proportion as the light is diminished. 
iSoine attention to these circumstances will, perhaps, enable 
us to demonstrate the truth of Sir Joshua’s position. 

If a gl obe of one colour be exposed in a painter’s room, 
properly darkened, that part which is nearest the light will 
partake of its colour; the next part will show the true colour 
of the object: that which (irst recedes from the light will be a 
little obscured, the next a little more, and so on progressively, 
till that part which is farthest from the light will lose its colour, 
and appear equally dark with the shadiest part of the room. 
Now we know that this globe is of one uniform colour; the 
variations we see in various parts of it are only deceptions, 
occasioned by the accession of light in some parts, and tho 
privation of it in others. 

What is true of this one object and its parts, would be 
equally true of any number of objects, whatever their colours 
or relative situations might be; if they were placed together 
in the same,, room, each would possess its own individual 
colour, each would partake of the general light, in proportion 
to its situation, and of the general darkness in proportion as 
it recedes from the light. All this may be easily conceived; 
but it is found to be a serious difficulty, in the ordinary modes 
of painting, to represent such objects with the appearance of 
truth, and preserve the harmony necessary to constitute a 
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whole. The Venetian painters, however, eflected this by a 
method so simple, that perhaps no other can produce such bril¬ 
liant effects, and undoubtedly not with facility and certainty at ' 
all comparable with theirs. 

In this account of the Venetian method of painting^, nothing 
has been said of the manner of producing those dcnii-tints 
which conduce so much to the biilliancy of a picture, which 
are so diflicult to execute, and in which failure is so frequent. 
Those tints are, in the ordinary inodes of (lainting, produced 
by the mixture of black, grey, blue, or brown, (according to 
the judgment of the artist,) with the local colours of the 
objects. It is these tints which, from their being made with 
such colours, it is diflicult to get clear, and which never are 
so clear in any other as in the Venetian, and in some of the 
Flemish pictures, which are painted upon analogous princi¬ 
ples. The fact is, that those painters produced all such tints 
without the admixture of any colour to represent them, and 
by a method so like that by which they are produced in nature, 
that this circumstance alone ensures a degree of brightness to 
their colours, and of harmony to their shadows, that it is 
perhaps impossible to produce, in an equal degree, by any 
other mode of painting. 

It is a singular fact, that if upon any degree of brown, 
between the deepest and the lightest brown yellow', wc paint 
pure white, in gradations, from the solid body to the lightest 
tint that can be laid on, all the tints hetu een the solid white and 
the ground will appear to be GRK'i', intense in proportion to 
the depth of the ground, and the thinness of the while laid 
upon it. But in every case, all the tints laid upon one ground 
will harmonize with each other, and will form gradations that 
will perfectly unite the highest light with the darkest shade. 

If then we examine the component substances of a Vene¬ 
tian picture, we shall find the lighter parts to consist only of 
white, to represent the light; and of the local colours of the 
objects it represents, the demi-tints are imitated by an appear^ 
once almost as deceptive as the similar appearances in nature ; 
bat in every other method of painting, these demi-tints are 
produced by mixing some dusky colour with the local colours 
and the light. The comparison of these methods will afford 
a demonstrative reason why the Venetian must be brighter than 
any other mode of painting. 

It being thus shown, why those parts of a Venetian picture 
that are connected with light and colours, are brighter than 
the corresponding parts of any other pictures, it remains to 
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explain the cause of similar superiority in the darker parts of 
the same picture;. 

It has been said, with much confidence, that as white 
represents liyht, so black is the representative of darkness ; 
but though this may be true in natural philosophy, it certainly 
is not so in painting'; for the painter’s art is to represent 
objects as they appear, in point ol colour, to be, not as they 
really are. Thus, if we know an object to be perfectly black, 
and are to represent it as it appears to be at the distance of 
filty feet, black from the pallet will not produce a good imita> 
tion ol' it, because the interposition of tifty feet of the atmo¬ 
sphere will cause it to appear of a colour different from what 
it really is ; and vice versa, if we go into a cavern, a cellar, or 
a room so darkened that the colour of no object can be dis¬ 
tinctly seen, and if we there hold any solid black substance 
near the eye, the difference will be visible at once; the black 
object will be immediately distinguished, by its solidity and 
colour, from the surrounding space, and such remote objects as 
may be obscurely visible through it. These objects actually 
possess their individual colours, and only appear indistinct from 
the absence of light. The black object may appear solid, and 
of that colour, from its proximity to the eye; but the circumja¬ 
cent ones will appear of a colour perfectly distinct from it, more 
or less transparent, in proportion to their distance from the eye, 
and showing a portion of their individual colours, according to 
the quantity of ill-deiined light that mav be admitted. Shadows, 
then, though existing only by the absence of light, give to ob¬ 
jects an ill-defined appearance, distinct from, though in some 
instances mixed with, light and colours in different degrees; but 
as the painter must represent the ajopearance by something real, 
he chooses the colours most analogous, viz. browns, and the 
most transparent of their class, to represent this transparent, 
but imperfectly defined appearance in nature. 

It has been supposed that the Venetian painters had some 
peculiarly rich and transparent brown colour, which is seen to 
pervade all the works of that school; the effect of which no 
modern artist has been able to imitate, and which therefore is 
supposed to have been lost. It is not very probable that a 
colour so common, as to pervade the works of the worst as 
well as of the best artists of that school, should be so unac¬ 
countably lost; and, as the effect attributed to it may be easily 
produced by the mode of painting above described, it is not 
unreasonable to conclude that this much-lamented colour has 
never existed. 
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It is veli known that chalk, and other earths of the suine 
kind, lose, when ^\etted, much of their \^hitei»ess, and become 
semi-transparent, it is equally certain, that it iiinher, or other 
earths, are mixed with chalk, and saturated with \aiiiish alter 
they are laid on the cloth, tliey in like manner become dia¬ 
phanous, and arc far more brilliant than the same colours can 
be when mixed with while lead and oil. Such ajipears to have 
been the basis of the V enetian method of painting, and all its 
peculiar etfects. 

It would be diflicnlt, if not impossible, to conceive a theory 
more simple, more beautiful, or more true, than that of Sir 
Joshua Reynolds; and that the practice above described is 
conformable to his theory, will he evident on recapitulating- the 
particulars. 

The artist having determined what hue should pervade his 
picture, formed his ground with that colour ]>i'epared in dis¬ 
temper; upon this the .subject was drawn, and the darker .shades 
painted in with transjiarent colours, which sunk into the 
ground ; with pure white he then painted in all the lights and 
demi-tints ; and, lastly, glazed in the colour.s, each in it5 place. 
Uponappiving the varni.sh,the darker shades were, a.s to body, 
incorporated with the ground ; and thus, though ditlerent in 
colour, appeared tliiiinor and more traii.sparent lliaii any cidours 
could be when laid upon any ground ; the lull elVecl of every 
colour was brought out, and the picture was complete. 

Whoever has been accustomed to paint, or to mark the 
progre.s.s of painting in the common way, and will rellect on 
the practice now described under the hanri id'artists brought 
up to it, must see that such artists would paint with a degree 
of facility, expedition, and certainly, as to eflect, that could 
never be*equalled in the ordinary way of painting in oil; 
beside.s, it will be evident, that an artist would not only paint 
a picture himself with more facility, but could employ a num¬ 
ber of subordinate artists upon large works, and put those 
works out of hand with more uniformity, as to merit and ell’ect, 
than if he were to employ such assistants in similar works, ac¬ 
cording to the modern practice. 

‘Little attention is generally paid to the observations of 
those who are not protessionally artists ; practical men, indeed, 
acquire a kind of knowledge that can never be obtained in any 
other way; but at the same lime they contract prejudices that 
often prevent them Irom lully investigating any novelty in 
practice that may be ottered to their notice. The speculative- 
man, on the contrary, who investigate.s the properties of matter 
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unshackled by practical prejudices, and with ideas purely che¬ 
mical or philosophical, will be more likely to ascertain all the 
facts relative to any theory that may become the object of 
inquiry. In this investigation, pictuies have been considered 
as masses of matter, possessing the properties, but differing 
from each other in degree of brilliancy, transparency, and 
durati(»n. M’itb wbat success and utility the causes of this 
difference have been developed, must heri:after be determined 
by the practice of those for whose use the investigation was 
designed. 

It has already been intimated, that there are some difficul¬ 
ties in the method of painting which has been supposed to be 
that of the old artists, and winch would form objections of 
considerable i'urce to the practice of it by artists who«re well 
acquaintt'd with the usual modes of painting. These difficul¬ 
ties are, iirst, the ground absorbs the oil from the colours so 
fast, that tlirv are not so manageable us in oil-painting; 
secondly, the cllect of the pictuie is not seen till the finishing 
varnish is laid on ; and, thirdly, as the effect is not seen till 
the picture is linished, it will sometimes disappoint the artist, 
and in that case it will be difficult, if at all practicable, to 
alter it. 'riiese difficulties occurred in the Author’s attempts to 
paint, and to obviate them he adopted the following process; 

'J’lie ground was prepared in distemper, and the dark parts 
painted in fl»c way that has been described; the ground was 
then varnished with the copal oil-varnish, till it was fully 
saturated, and by this means the effect of that part of the 
picture was seen; upon this the lighter parts were painted 
with white, using much of the vehicle where the colour was 
thin, and little in the solid parts, leaving the white in them 
dead : thus the effect of the chiaro-oscuro was evident, as the 
effects of the demi-tints was seen nearly as well as when the 
picture was finished. Upon this the colours were glazed, in 
the way described at the beginning of the present dissertation. 

W here any deficiency of effect is observed for want of white, 
more may be added, and fresh colours glazed over it, which will 
unite perfectly with wbat has been done before, without evincing 
any appearance of a mended picture. It is also easy to increase 
the effect of the picture, by painting upon the principal mass or 
masses of light, with the local colours, only mixed with white; 
those parts will tlius be brought more forward, and being made 
to appear solid, will be contrasted with the transparency of the 
•rest of the pictuie. Colours tempered with copal, may be used 
in this way without difficulty. 
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DISSSETATION H. 

On the Preparation of Linseed Oil, for Painting, 

~ and of Varnishes 

If Iinse€^d oil be exposed to the rays of the sun, in a trans¬ 
parent glass bottle, closely stopped, the mucilage it contains 
separates from it, and gradually sinks to the bottom. Some 
samples of this oil yield one-third of mucilage, others much 
less; nut-oil does not in general yield abo^e one-third, and 

f loppy oil scarcely a sixth, of the mucilage obtained from a 
ike quaptity of linseed-oil. 

The colour of oil diminishes as the mucilage is abstracted ; 
but the mucilage itself is colourless, and it is miscible with 
water. It must always be favourable to colours to be mixed 
with colourless oil, and this vehicle cannot be colourless unless 
free from mucilage; but as the separation of the mucilage may 
be considered troublesome by artists, it will at least be advisable 
to use those oils which naturally contain the smallest portion. 

The processes by which the Author dissolved amber and co¬ 
pal, to make oil-varni>hes, are to be found in many books, and 
as it will be better for artists to purchase than to make those 
varnishes, it can scarcely be necessary to detail those processes 
here ; but the following methods of dissolving copal, in spirit of 
turpentine and spirit of wine, are not so generally known:— 


TO DISSOLVE COPAL IN SPIRIT OF TURPENTINE. 

Reduce two ounces of copal to small pieces, and put them 
into a glass vessel capable of containing at least four times as 
much, and high in proportion to its breadth. Mix a pint of 
spirit of turpentine with one-eighth of spirit of sal-ammoniac ; 
shake them well together; put them to the copal; cork the 
glass, and tie it over with a string or wire, making a small 
bole through the cork. Set the glass in a sand-heat, so regu¬ 
lated as to make the contents boil as quickly as possible, but 
so. gently that the bubbles may be counted as they rise from 
the bottom. The same heat must be kept up exactly till the 
solution is complete. 

It requires the most accurate attention to succeed in this ^ 
operation. After the spirits are mixed, they should be put to 
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the copal, and the necessary degree of heat be given as soon 
as possible. It should likewise be kept up with the utmost 
regularity. If the heat abates, or if the spirits boil quicker 
than is directed, the solution will immediately stop, and it 
will afterwards be in vain to proceed with the same materials; 
but if properly managed, the spirit of sal-ammoniac will be 
seen gradually to descend from the mixture, and attack the 
copal, which swells and dissolves, except a very small quantity, 
which remains undissolved. 

It is of much conse<juence that the vessel should not be 
opened till some time after it is perfectly cold ; for if uncorked, 
even when not warm enough to afl’ect the hand, the contents 
will most probably blow out with considerable violence. It 
is likew ise of consequence that the spirit of turpentine should 
be of the best quality. 

This varnish is of a rich deep colour when viewed in the 
bottle, but seems to give no colour to the pictures on which 
it is laid ; if left in the damp, it remains sacky, as it is called, 
a long time ; but if kept in a warm room, or placed in the 
sun, it dries as well as any other turpentine varnish; and 
when dry, it appears to be as durable as any other solution of 
copal. 


TO DISSOLVE COPAL IN ALCOHOL. 

Dissolve half an ounce of camphor in a pint of alcohol; 
put it in a circulating glass, and add four ounces of copal in 
Somali pieces ; set it in a sand heat, so regulated that the bul^ 
hies may be counted as they rise from the bottom; and 
continue the same heat till the solution is completed. 

Camphor acts very powerfully upon copal. If copal be 
finely powdered, and a small quantity of dry camphor rubbed 
with it in a mortar, the whole becomes in a few minutes a 

tough coherent mass. , i i 

The process above described will dissolve more copal than 

the menstruum will retain when cold. The most economical 
method therefore is, to set by the vessel which contains the 
solution, for a few days; and when it has perfectly settled, 
pour off the clear varnish, and leave the residuum for a future 

^ The above solution of copal is remarkably bright; it is 
an excellent varnish for pictures, and may perhaps be oun 
to improve fine Japan works, as the stoves used in drying 
46. VOL. II. 2 Q 
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those articles may drive off the camphor entirely, and leave 
the copal pure and colourless on the work. 

Copal will dissolve in spirit of turpentine by the addition 
of camphor, with the same facility, but not in the same 
quantity, as in alcohol. 

Where the quick drying of the vehicle is a disadvantage, 
the following preparation may be employed. 

Put a pint of nut or poppy oil into a large earthen vessel; 
make it boil gently before a slow fire ; put in by degrees two 
ounces of ceruse, and stir it continually till the whole is dissolved. 
Have ready a pint of the solution of copal in spirit of turpentine, 
heated in a separate vessel; pour this by degrees into the hot oil, 
and stir them togethertill all the spirit of turpentine is dissipated ; 
let it then be set by till cold, w'hen it will be ready for use. 

It is obvious, that as this is a compound of the copal var¬ 
nish with the least exceptionable of the drying oils, it will 
partake of the properties of each of its component parts. It 
gives less brightness and durability to colours than the varnish 
will, but more than oil; it may be used in painting in the 
same manner as any other drying oil, and it gives mote bright¬ 
ness and durability to colours than they can derive from any 
oil by itself. 

It may be proper to remark, that whenever the mixture is 
to be made, both the ingredients should be hot, because if 
either of them is cold, the mixture becomes turbid, and a 
part, often the whole, of the copal is precipitated. It must 
likewise be observed, that after some time a spontaneous 
alteration takes place, which diminishes, and at last destroys, 
the drying quality of this mixture: it is therefore advisable*to 
use it fresh, or at least not to use it after it has been made 
more than a month or six weeks. 

DISSERTATION III. 

On the nature and preparation of Drying Oih, with a 
view to the improvement of stwh as are used by 
ArtistSy as vehicles for painting. 

Expressed oils, considered with a view to the painter's use 
of them, may be divided into two kinds ; first, such as are 
capable of drying in some circumstances by themselves, and 
always with certain additions; and, secondly, such as cannot 
be made to dry by any means whatever. 
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Of the first kind, called dryings oils, there are three in 
cumnion use, viz. linseed, nut, and poppy oil. The first is 
darkest coloured, and dries the soonest; the second is lighter, 
but does not dry so soon; and the third has least colour, and 
dries slower than either of the others. 

By the process described in the last dissertation, a mucilage 
or gum separates from each of those oils, in a liquid state, 
and capable of mixing with water in every proportion, though, 
•when dry, not soluble in cold water. Linseed oil afibrds the 
most of this gum, nut oil the next largest quantity, and poppy 
oil the least of all. 

Olive oil, treated in the same manner, affords none of this 
mucilaginous substance; whence it appears that the essential 
difference between the drying oils, and those which do not dry, 
consists in this >—that the latter either contain no mucilage or 
gum, or that it is so intimately combined with its other prin¬ 
ciples, that it cannot be separated from them in that peculiar 
manner which alw’ays takes place in oils which dry by them¬ 
selves. or when mixed with colours. 

If drying oil is exposed to the air, in a shallow vessel, and 
left at rest, a pellicle is soon formed on the lop, and becomes 
externally perfectly dry. If this be removed, a second will 
be formed in the same manner; and if this experiment be 
repeated many times on the same quantity of oil, without 
moving or shaking the vessel, it will be found that the second 
pellicle will require more time to form it than the first, and 
so on, till it will be found diflicult to get it fairly skinned over 
in a considerable time. The same eflbct takes place, in a less 
visible manner, in every quality of drying oil which is united 
with colours in a picture. 

From this experiment it is to be concluded, that drying oils 
exert that faculty by throwing up their mucilaginous parts, which 
become solid when at rest, and in contact with the air. 

The ingredients added to oils to make them dry faster, 
viz. oxides of lead, saline substances, earths or gums, are 
such as unite with and increase the quantity of those parts 
which float to the top, and form a skin, more or less dark, 
over the colours originally mixed w'ith them. If we consider 
the nature of these ingredients, we shall be at once enabled 
to account for a fact universally known, viz. that in propor¬ 
tion to the strength of drying oil used in painting a picture, 
its colour becomes depraved. It will be injured, and finally 
destroyed, by being kept in a damp situation, excluded from a 
free circulation of air, or placed under a glass. 
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of pot ash, for a longer lime than would have destroyed common 
oil colours, without being injured. 

They dry as well in damp as in dry weather, and without 
any skin upon the surface. They are not liable to crack, and 
are of a flinty hardness ; wh»*nce it appears that this vehicle 
possesses every desir-ihle property, and it is presumed may be 
a discovery of some impoit.ince to artists. 

Solutions of gum copal afforded the same results as those 
of amber, except that the colours were something brighter. 

The artist who may think it too troublesome to dissolve 
copal or amber himself, may employ the solutions of these 
substances sold in the shops, which, when good, will answer 
extremely well. 

METHOD OF USING THE SOLUTION OF AMBER OR COPAL, 
AS A \EHICLE FOR PAINTING. 

The cloth or other substance to be painted on, should be 
prepared with some colour saturated with drying oil ; or it will 
be better done with the same vehicle as that to be used in paint¬ 
ing. If it is not fully saturated, it will absorb some of the 
vehicle from the colours, which is what is commonly termed 
the colours sinking in. 

All the colours which require grinding, should be previ¬ 
ously ground in spirit of turpentine. All the pure parts should 
be tempered with such a quantity of the vehicle as will enable 
them to lie on the pallet. The white should be tempered as 
stiff as possible. All the tints should be made by mixing the 
colours so prepared without any more of the vehicle, but 
they should be diluted with spirit of turpentine, if necessary for 
working. 

If the ground is properly prepared, and the above caution 
observed in tempering the colours, it will be found that all the 
dark colours in the picture will bear their full tone, and have 
a demi-transparency, which increases their native brilliancy, 
without the dingy appearance so common in ordinary oil- 
painting. The admixture of white increases the body of the 
colours progressively, till there will be left in the lightest 
parts only so much of the vehicle as will bind the colours, and 
give them their full tone, but with very little of a shining- 
appearance. When the picture is perfectly dry, it should be 
varnished with a mastic or similar varnish. Perhaps, the best 
would be copal varnish made by solution in spirit of turpentine, 
or spirit of wine. 
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The rationale of this vehicle seems to be this:—The amber 
and copal, when dissolved in oil, form a homogeneous mass, 
which dries by inspissating, instead of skinning over like the 
common drying oils, which consist of heterogeneous parts, 
some of which separate and dry on the tup. 

As the amber and copul are not soluble in any of the mem- 
strua nhich dissolve must resinous substances, pictures painted 
with them cannot be injured if cleaned with those menstrua; 
and as they are extreiiiely hard, and the must durable sub¬ 
stances of their class, they protect the colours from t very kind 
of injury, more effectually than any other known vehicle. 

Whether the vehicle above described w'as used by the older 
Italian painters, so eminent for their skill in colouring, cannot 
now be decided by any direct or positive infonnation trans¬ 
mitted to ns.' But a variety of circumstances indicate that 
such is probably the fact, tcoiiardo da ^ inci, who was highly 
celebrated for the richness of his colouring, mentions the 
solution of amber in nut-oil. Many of the Italian pictures 
possessing a brilliancy of colour independent of w hat may ho 
attributed to the painter's skill, or what the colours with oil 
alone would exhibit, there seems no alteinative but to con¬ 
clude that the vehicle employed had a brightening effect on 
the colours ; and as resins afford the only resource to attain 
this effect, the attempt to imitate ancient paintings is limited 
to the introduction of substances of this class. Again, upon 
chemically examining Venetian and other Italian paintings, 
it is found that some of them are nearly as lender as ordinary 
oil-paintings; whilst others, similar in point of colour, cither 
wholly or in a great measure resist the action of alcohol, 
spirits of turpentine, and alkalies: whence it is obvious, that 
to imitate that latter class of paintings, which are alone 
worthy of imitation, those resins only can be employed which 
equally resist the action of the same powerful menstrua under 
the like circumstances; and of this description none are known 
but copal and amber. Copal could not have been known, as 

article of trade, before the seventeenth century, and there¬ 
fore, previous to that period, amber appears to have been the 
only substance on which the artist could rely for the durability 
of his works. 
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A Perspeclography or Instrument for dratving 

in Perspective. 

There are few persons who have a taste for drawing, who 
have not felt the want of a method of readily delineating ob¬ 
jects in perspective, independent of geometrical knowledge; 
and for the use of such persons, many machines have been 
invented. To the description of one of the most elegant and 
best of these, by Turrel, we have already given a place in the 
present division of this work ; but as different means of accom¬ 
plishing the same end, may afford the opportunity of suiting 
different individuals, we shall in this article give an account of 
another graphic instrument, in principle the same as Turrell’s, 
but rather more simple in its construction. 

The instrument proposed consists of a metal frame, 9 
inches by G, having two graduated scales moving upon its 
surface, at right angles to each other, for the purpose of finding 
both the horizontal distances, with the height and proportions 
of the different objects to be drawn; and at right angles to the 
frame is attached a small beam with a sight point, the distance 
of which from the frame can be varied at pleasure, and deter¬ 
mines the <juanlity of objects introduced into the drawing. 
The instrument is supported by a triangle, which, when folded 
up, forms a walking-stick. 

Fig. 1, plate XCT, is a general view of the instrument. 

AAAH, a three-legged staff, for supporting the whole: 
AAA the legs, jointed at B. 

C, a s(juare horizontal trunk, w'ith a brass socket in the 
bottom of it, by which it is screwed to the legs. 

DDDD, a vertical brass frame screwed upon the end of 
the trunk, and pierced round the inner edges for the threads, 
which form the reticulated aperture, to pass through; the 
aperture being .“^ix by nine inches, and the horizontal threads 
being five in number, and the vertical ones eight, divide the 
whole aperture into 54 square inches. 

EE, a thin slip of brass, bent at the ends, so as to slide 
freely on the outer edges of the brass frame, in order to be set 
parallel to the inner horizontal edges of it, at any distance from 
either edge. 

FF, another vertical thin slip of brass, made to slide on 
the outer horizontal edges of the brass frame, in the same 







:m)4 COMPENDIUM OK PRACTICAL INVENTIONS. 


AiUu 0 n'$ iHutmment /or drairinfr in perspectite. 


manner; the slip £E, is diviiied into nine equal parts or 
inches; and FF, into six inches; and each inch is subdivided 
into twelve parts, fur the greater accuracy iu taking the difler- 
ent bearings and amplitudes uf objects. 

G, a slider made to fit the elbow of the trunk C, and to 
slide freely therein. 

H, the eye piece, hinged to G at I, and which, when re¬ 
quired, may be folded down so as to be entirely even with the 
upper surface of G, and the slider G may be .shut into the 
trunk C, or drawn out at pleasure, so that when the e\e-piece 
H, is perpendicular to the horizon, it may be regulated so as 
to give the size desired to the drawing. 

The stem 1, is a tube, and the eye-piece II, is fixed on a 
wire, vhich slides up and down within it to adjust it to the 
horizon. 

Fig. 2, the brass socket shown at B, tig. I, for receiving 
the upper ends of the sectoral parts of the three-legged stall, 
and thereby forming the joints : KL, is a cylindric pin pus.sing 
through the centre of the brass piece B, which forms the 
sockets, having a male screw at the end L, wdiich is received 
by the screw of the socket iu the bottom of the trunk C. This 
cylindric piece K, is so tilted into the bole passing through B, 
as to allow' the socket-piece B, to be turned round stilily, so 
that the frame may be turned towards any object without risk of 
altering its position. 

Fig. 3, the staff, shown as put together, and which is kept 
so bv a cap at each end, and rings in the middle of it. 

tig. 4, a view of the upper side of the trunk C, the slider 
G, and the eye-piece H. In this geometrical representation, 
the slider is drawn almost its whole length out of the groove 
which is made to receive it; and the eye-piece is folded down 
into the cavity on the upper side of the slider. 

Fig. 6, is the front of the frame. 

Fig. 6, the back part of the same. 

Fig. 7, a view of the box which contains the whole of the 
apparatus, except the three-legged staff; and the sketch book 
is also contained in the centre of the box, so that the whole is 
rendered portable, and easy of carriage. 

Fig. H, is a screw-driver, for screwing the frame to the end 

of the horizontal trunk. 

The graduation of the two sliders affords an easy mode of 
transferring to paper the different points as they are ascertained. 
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Improved Method of Ventilating Hospitals^ ^c. 

This valuable essay on ventilation was communicated by its 
Author to the Society for the Encouragement of Arts, &c. in a 
letter to their Secretary, and we shall preserve its original form. 
It embraces an exposition of principles not only directly appli¬ 
cable to the ventilation of hospitals, but of dwelling-houses, and 
of all places of crowded resort. 

I have been favoured with your letter, stating the terms of 
a premium ofiored ^ly the Society of Arts, &c. for “ A mode 
of permanently ventilating the apartments in hospitals, gaols, 
and other crowded j)laces, superior to any now known or used;” 
and that the Society had done me the honour “ to direct 3 'ou to 
express their wish to receive from me communications on this 
subject.” 

1 not only agree with the Society, that “ the subject is im¬ 
portant to the health of persons destined to inhabit such places” 
as are specifically mentioned in the proposal for the premium ; 
but I also believe that the morbid eflects of impure air are felt 
in all situations of life where education, business, or social inter¬ 
course, may aggregate mankind. 

From observations made during a pursuit which of late 
years may be said to be habitual to me, I fear 1 musta/l$o admit 
that ventilation is improperly performed, by the means now ge¬ 
nerally emi)loyed—where those means act on persons in a sickly 
or convalescent state, or accustomed to delicate habits of life. 

The transverse passage of outward air through a room (which 
I shall term free ventilation) is no douhiful mode of obtaining 
vital air; yet, certainly, if the attendant consequences render 
such a mode inadmissible (to an eflicient degree) in the abodes 
of sickness or infirmity, the Society are justified in consider¬ 
ing the subject as open to much further improvement. 

Desiring to be understood as not addressing the Society as 
a claimant of their premium ; I conceive I may assist them in 
the pursuit of their laudable purpose, by subsmitting to their 
perusal some practical observations on the modes of ventila¬ 
tion hitherto practised, and by communicating the outline of 
47. VOL. 11 . 2 R 
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a design already conceived, and in a limited degree adopted, 
for correcting their admitted imperfections. 

It may be necessary to premise, that the peculiar inquiry, 
the result of which will be detailed in the following pages, 
was excited by some objections, originating in a most respect¬ 
able quarter, and directed against a system, on which 1 had 
heretofore solely depended, in pro\iding for the ventilation of 
such public establisbment.s as have been placed mure particu¬ 
larly under my direction. 

It may be inferred, from the note annexed to the proposed 
premium, that similar objections are entertained by the So¬ 
ciety: I shall therefore, as you requested, submit my obser¬ 
vations, without that delay which would necessarily be occa¬ 
sioned by my modelling them in conformity to the rules you 
have communicated, and waiting for certificates to accompany 
them. If tliere really docs exist a doubt as to principle or 
fact, on a question so important, should not that doubt be made 
the subject of a previous special cousiderdtion, so that a point 
of direction may be given to the mechanical exertions intended 
to be excited ? 

Although particular conclusions may be controverted, 1 
may venture to assume, as the basis of all observations on this 
subject, 

Pijrst,—^That a certain and frequently renewed supply of 
vital air is essential to the purposes of animal life; and the 
more regular and uninterrupted that supply, the more favour¬ 
able will it be to health. 

Secondly,—That where the quantity of atmospheric air 
introduced into an apartment, is less than nature has bestowed 
in free circulation, her purpose is in a degree counteracted ; 
and although the breathing of impure air (that is, air despoiled 
of its natural proportion of vital air) for a short time, may 
not produce an immediate sensible effect, an injury may arise 
to the constitution, proportionate to the extent of that time. 
And farther, when (as in the ordinary intercourses of society 
in London) persons are in the habit of placing themselves, 
daring a considerable portion of every twenty-four hours, in a 
situation to breathe in this defective atmosphere, the accumu¬ 
lated consequences may be serious and important. 

Thirdly^—^That in rooms from which currents of fresh air 
may not be excluded, they may be so injudiciously directed as 

to be useless and injurious. And, - . , 

Fourthly,—That if, in addition to the consumption of vital 
air by the lungs, the persons of those assembled m any apart- 
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meat should bo iiltby,—should their clothing (particularly that 
made of woollen) have been so long worn as to have absorbed 
any considerable portion of the perspiration of the body,—or 
should the apartment itself he damp and foul, the vital pro¬ 
perties of the air will be contatniualod, and although instant 
death may not ensue, (which has been known to be a conse¬ 
quence,) the fever emphatically termed the goal, hospital, or 
ship fever, from its usually originating in the.^e places, will 
be generated with a degree of malignancy pri»portionate to its 
causes, and being so generated, will become inlectious with a 
like degree of malignancy. 

It is about twr nty years since the deleterious consequences 
of inattention to ventilation were set forth by Howard. So 
strong and so general was the conviction of the public mild, 
not only us to the evil pointed out, but regarding the remedies 
proposed by that indefatigable philanthropist, that the legisla¬ 
ture thought tit to adopt the whole of his principles, and to 
make them the basis of several positive laws, under the direc¬ 
tion ot which the greater number of prisons of the king¬ 
dom have since been reconstructed, and the remainder (with 
few exceptions) altered in conformity to the principle recom¬ 
mend by him, namely, that of iniroduciutj currents of fresh 
air INT(» and through everij apartment. 

In these prisons, where attention is also paid to personal 
cleanliness, I venture to say, the goal fever is unknown, unless 
brought into them by prisoners committed in a state of previous 
infection. 

By equal exertion on the like principles, the healthiness of 
the ships of war has been so improved, that they are no longer 
sources of this desolating pestilence. 

Regarding hospitals, 1 fear it cannot be proved that a 
relief so complete has been eflected. Howard was not sparing 
ill his strictures on the management of this important branch 
of our public institutions; but the improvement he suggested 
went no farther than simply the introduction of fresh air. The 
reconciling this advantage with that generally diffused warmth, 
necessary in sick rooms, seems to have escaped his contem¬ 
plation. 

Of the several hospitals constructed since his observations 
were made public, most have been planned with a view to 
facilitate the passage of outward air through the wards. The 
Directors of old hospitals have adopted alterations more or 
less tending to the same purpose; but all seem to have 
rested at this point: yet, considering the importance of purs 
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air to patients, during the tedious cure of compound fractures, 
and other accidents or diseases, togetlier with the no less im¬ 
portant olijt'ct of securing them from currents of cold air, it 
cannot be denied that much still remains to be effected. 

In the construction of the larger workhouses, termed 
hundred houses, similar principles of ventilation have been 
attended to with e>ident success, in preserving the health of 
the inhabitants; but with respect to parish workhouses on the 
lesser scale, school-rooms, (both for bovs and girls in every 
rank of life,") manufactories, apartments for public lectures, 
and ladies’ assen)bl\-rooms—these, together with the circum¬ 
scribed cottages of the poor, remain in a state most dangerous 
to health from imperfect ventilation. To these sources, and 
to no other, may be traced the few putrid ami contagious 
diseases which occasionally show themselves amongst us; and 
which, to the credit of free x'eniilation, can no longer justly bo 
called goal or ship fever. 

At a period o! demonstrated success of the doctrine recom¬ 
mended l)\ Howard, and adopted by his di.sciples, the valuable 
essays and experiments of Count Rumford appeared before 
the public : whilst opening to the world a new and most ustdui 
system of domestic philosophy, he has advanced opinions 
unfavourable to those mean.s by which these important efl'ects 
have been produced. 

In theory, this ingenious philosopher and friend of man¬ 
kind, has decidedly negatived the neces.sity and questioned the 
propriety 'of ventilation by the admission of currents of air. 
In the construction of those buildings most immediately under 
his direction, he has certainly adopted a practice of a directly 
opposite tendency. Opinions of such aulhority could not fail 
to be respected : they must at least raise a doubt in the mind 
of the most confident advocate of an opposite theory. 

As the Count’s observations and practice tended to invali¬ 
date a material part of that system, in the pursuit of which 
immense sums had been confident}ij expended in the kingdom, 
and respecting which I bear a more than common share of 
responsibility, I felt myself peculiarly called upon to scrutinize 
his objections, and to obviate such as should appear to he 
denied by experience; but at the same time, certainly to 
abandon whatever ground could not be fairly maintained by a 
result. 

As my conclusions on the point disputed, arc formed on 
circumstantial observations made within a prison and hosfiital 
immediately under my own eye, and as these particular insti- 
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tutions have not unfrequently been resorted to as examples for 
imitation, a detailed reasoning^ regarding them may serve for 
general application. 

The county goal at Gloucester is constructed on the prin¬ 
ciples of admitting air to pass into and through it in straight 
lines, from one extremity to the other. There is no obstruc¬ 
tion to a freedom of current, other than as the streams of air 
passing through the long passages, open at each end, move 
with the greater velocity, they of necessity carry with them 
the weaker currents, passing into and through the cells at right 
angles. 

From the time this prison was opened in 1791, until the 
years 1800, about 1300 persons were committed to it; and, on 
the average, about one hundred prisoners were constantly 
confined in it. In these nine years, the number of deaths has 
been thirteen; and of these, four sunk under the eflects of 
disease brought into prison with them. During the last year, 
the prison has been crowded in an uncommon and very iui • 
proper <legree ; two hundred and fourteen ha^e been confined ; 
and the average number her been one hundred and sixty-seven. 
One prisoner only has died (a w’oman aged sixty) in the month 
of October last. At the opening of the Spring Assizes, 1801, 
(the time of the greatest number) there was not one prisoner 
sick, or in the hospital ward. 

By this statement it appears, that the proportions of deaths 
is so much below the common average, in the ordinary situa¬ 
tions of life, that the healthiness of this abode may be said to 
be peculiar; and it is in proof, that however currents of air may 
be found injurious to particular constitutions, they are not un¬ 
favourable to general health. 

Fvery prisoner in this goal, when not in the infirmary-ward, 
sleeps in a room containing from fifty-two to fifty-seven feet of 
superficial space, built with brick, resting on an arch, and 
arched over; so that no air can enter it but through the open¬ 
ings provided for it. As air is constantly passing immediately 
under it, and round it on every side, it is necessarily dry : it 
is ventilated by opposite openings near the crown of the arch. 
To that opening, which is towards the outward air, there is a 
shutter, which the occupant may close at will; but it is so im¬ 
perfectly fitted, that when closed, a considerable portion of 
air must enter by its sides. The opposite opening to the pas¬ 
sage, the prisoner has no means of closing in any degree. 

During the ten years these rooms have been inhabited, 
there have been three winters in which the cold has been 
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intense. As I had considerable apprehensions of the eflects 
of this situation in severe weather, I directed the surgeon of 
the gaol to be constant in his attention; and particularly in 
the report of his observations during the inclemency of these 
seasons. I also made a point frequently to visit the prison, 
and to examine every prisoner as to the eflects apprehended; 
and, as much to my surprise as to my satisfaction, notwith¬ 
standing the querulous disposition of persons in their situation, 
I never heard a complaint from old or young, from mule or 
female, suffering by cold in the night apartments.’*^ And 
further, it is the decided opinion of the two able physicians 
who have most liberally undertaken to superintend the health 
of this prison, that no ill consequences have arisen from pri¬ 
soners sleeping in the situation above described. 

I most contend, therefore, it is a fact established by expe¬ 
rience, that in a room containing nut more than from 415 to 
439 cubical feet of air, in which there is no fire, the body of 
a person sleeping under a proper allowance of woollen bed¬ 
clothes will so far warm the atmosphere around him, or, to 
speak more comformably to modern doctrine, so little of tlie 
heat generated in the bodj will be carried off by the surround¬ 
ing air, that he will not sufler by a currentf passing at a 
distance over him, provided the apartment be secured from 
damp. On the points, therefore, of warmth and ventilation 
combined^ it must surely be allowed (regarding rooms so con¬ 
structed) there is no further desideratum. 

Prisoners, on their rising in the morning, are removed 
into small working rooms or wards situated on the ground-floor. 
These day-apartments are, in like manner, constructed witli 
cross openings near the ceiling or crown of the arch; but there 
is also in each of them an open fire-place. Respecting these 
apartments, my observations tend to confirm Count Ruinford’s 
objection to mpen fires, and bis preference to closed stoves. 
Nay, farther, I am disposed to admit that openings for free ven¬ 
tilation are incompatible with strong fires in open fire-places. 

It is certain that, in rooms so provided, the danger arising 


* Fahrenheit’s thermometer has never been observed to below 33" in 
the severest nights, in the roitldle region ot a ceil in which a prisoner was sleep¬ 
ing ; whereas in the ordinary apartments of a dwelling-house, water is frequently 
known to freeze by a bed-side. 

t The term ** current” is not to be understood in a stronger sense than 
merely to signify that species of circulation of air whicii is directed in straight 
lines ffom point to point, by the action of any efficient cause. 
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frum impure air is completely §^uarded against; yet this advan¬ 
tage is gained at the risk of another evil, which though not 
so important, should, if possible be avoided. 

The air, which in the same room without au open fire¬ 
place, would pass inwards by one opening, and outwards by 
the other, being attracted by the lire to supply the constant 
rarefaction in the chimney, passes inwards from both openings 
towards the fire-place, and the body of a person placed near 
it, being in its current, is exposed to the danger of partial 
chill. To this circumstance, in these apartments, I am in¬ 
clined to attribute the few coni]>Iaints of a dysentery or aguish 
tendency, which liave occasionally interrupted the general 
health of this prison. 

In the hospital, the scene of my observations, the morbid 
eflccts of foul air in the wards have, until lately, been no 
otherwise redieved than. 

First,—By introducing currents of fresh air by the w'indows, 
with an improved mode of hanging the upper sash, peculiar 
to this hospital, by the efl'ect of which the current of air 
admitted is turned towards the ceiling, and prevented from 
descending upon the patients, whose beds are placed under the 
windows. 

Secondly,— By piercing holes in the ceiling of the wards, 
and by means of plastered channels or wood funnels, leading 
the foul air arising into them, to the roof. 

In warm weather, when the doors of the wards are open, 
and the fires low, these* channels or funnels operate with con¬ 
siderable cirect. Much foul air wdll, by its relative specific 
lightness, (not being counteracted by a stronger power,) 
ascend them and escape; a further portion will pass ofi' by the 
windows opening to the leeward, and ventilation may be duly 
cifected. 

But, on the contrary, when the doors are shut, and strong 
fires are made, these will inevitably attract the currents of air 
inwards and towards them, from all the openings ; and should 
patients be situated in theii course, the effect cannot fail to 
DO injurious. 

Besides, as the windows are generally closed in the night 
(the most important time for ventilation,) no other change of 
air takes place but what is effected by the open fires, which, 
whilst supplied immediately from the middle region, are con¬ 
stantly consuming the best air of the room. 

Henco it appears that free ventilation, or the transverse 
passage of outward air, may be inconsistent with the general 
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warmth reqaired in the apartments of the sick; and tliat chan¬ 
nels for tlie escape of foal air, unassisted by a power more 
constant and decisive than the relative specific lightness of 
that air, is a mean ineflicient to preserving a healthful respira¬ 
tion in the crowded wards of an hospital. 

As a remedy to these apparent defects in the ordinary mode 
of ventilation, it has been imagined that the draught, or deter¬ 
mination of the air to the funnels in the ceiling of the rooms 
requiring ventilation, is accelerated by the operation of fire; 
and by causing an increased degree of rarefaction, at tho ter¬ 
mination of the funnel, to discharge the air rising to the 
ceiling in a degree depending on the correct application of 
tho apparatus and quantity of fuel consumed. 

In all rooms or apartments requiring ventilation, it is 
presumed that (according to the old system) channels or funnels 
are provided for the discharge of air ascending into them. 
These channels or funnels, so provided, should be rendered 
air-tight, and brought to terminate immediately under the lire 
intended to work them. The ash-pit and fire-place should be 
closed, by doors, to prevent the fire from drawing the air from 
the room surrounding it. The whole draught or consuoiption 
occasioned by the fire will then he supplied from the further 
termination of the channel or funnel. 

This effect may be applied, according to circumstances, 
either to the ceiling of the room in which the fire is made, 
to the room below, or that above it; and draught thus 
produced may, by a proper apparatus, be increased or dimi¬ 
nished at will. 

In the hospital in which I have made the first experiment 
of this design, 1 have caused a stove to be so formed as to 
answer the culinary purposes of the ward in which it is fixed, 
and at the same time to ventilate the ward beneath it; and no 
additional expense is created in fuel by the operation. 

By a fire made in one of these stoves, a ward beneath it, 
containing about 18,000 cubical feet, filled with patients, (and 
which, in spite of all former means, was ever remarkably 
offensive,) was in a few minutes so relieved of contaminated 
air, as to be sensibly felt by all the patients in it, without their 
perceiving any increased current. 

The principle of the means of ventilation adopted in this 
hosmtal, may be applied with perfect facility to ships. 

By carrying the funnel from a cabin or ship stove, of any 
kind or dimension (observing only to exclude the admission of 
corrounding air,) to the hold or under-decks, they may be as 
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completely ventilated as the wards of an infirmary. In stormy 
weather, when the decks of a ship must of necessity be closed, 
the fires would perforin a service which could no otherwise be 
attained; whilst by the nature of the apparatus, the tire itself 
would be secured from the efiects of the wind. 

If the stove or grate over a lady’s drawing-room were 
properly fitted to this purpose, on the evening of her assem¬ 
bly, it might be set in action, and the room beneath cleared 
of its impure air, without recourse being had to the opening 
of windows: the openings in the ceiling might be rendered 
ornamental. 

By appi\ing Uie same principle to German or other closed 
stoves, the chief objection to their use in crowded rooms would 
be obviated ; and 1 should then agree with Count Kumford, 
that in all rooms, where the indulgence of the habit of open 
fires was not in question, such stoves (if constructed of earthen 
materials) would afford a more “ genial warmth,” and a “ due 
cir,culation be at the same lime eflected.” 

’ So fitted and constructed, they would be incontestably 
better than open fires for the wards of hopistals, poor-houses, 
manufactories, theatres for lectures, school-rooms, and prisons. 
Respecting the last-mentioned structures, 1 must further ob¬ 
serve, that if public kitchens and a sutler were appointed, 
under due regulations, the present necessity of open fires for 
prisoners to cook individually for themselves, would be super¬ 
seded much to their advantage. 

On the other hand 1 must also observe, that if closed stoves, 
acting on this principle, were adopted. Count Rumford s ob¬ 
jections to the introduction of fresh air would be obviated, 
with regard to any room in which they should be in action, 
provided the opening through which it entered was made on a 
level with the ceiling. 

Air entering at this level would, in the absence of open 
fires, be acted upon by no other draught than the mouth of the 
funnel in the ceiling, and could not descend in currents to the 

lower region of the room. ^ ^ 

In a room so filled with company as to vitiate the air within 
it, the atmospheric air entering being specifically heavier, would 
indeed descend, and be replaced by the ascending impure air; 
but, as it would not descend by a stronger impulse than its 
difference of specific weight, it must be slow in its motion, and 
would produce no sensible current. 
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EXPLANATION OP THE PERSPECTIVE VIEW OP THE STOVE 
FOR VENTILATING THE WARDS OP HOSPITALS. 

AA, 6g. 1, plate XCII, a chimney-piece of ordinary 
dimensions. 

B, a bath-stove, made to fit the chimney: the hobbs of 
which, NN, project two inches and a half before the fire-grate. 

CC, folding doors to close the fronts of the ash-pit, and to 
fall back against the hobbs. 

DD, folding doors to close the front of the fire-grate, and 
to fall back against the hobbs. 

E, a door to close the top of the fire-grate when a very 
strong dranght is required. When put down, the smoke m 
directed through the open space, H, and the door is used as a 
hot table for culinary purposes; when open, it serves as a 
chimney back. 

F, a flat bar projecting two inches and a half before the 
fire-grate, as a stop to the upper and lower doors. 

G6, holes left in the castings of the ash-pit, to receive the 
months of air-tunnels in the back, or on either side, as circum¬ 
stances may require. 

H, the opening to the back flue, used as a passage for the 
smoke, when the top door is closed on the fire-grate. 

II, a double register:—first, to close the back flue when 
the fire-grate is open; secondly, to close the front flue when 
the back draught is necessary ; and, thirdly, to prevent the 
heat being carried up the chimney. 

Fig. 2, a back view of the ventilating stove, on which 
similar letters are marked as denote the same parts already 
mentioned in fig. 1. 

KK, are shoulders for tunnels cast with the ash-pit fixed at 
the openings GG, mentioned in fig. 1. 

N. B. There should be doors or regulators to the mouths of 
the air-tunnels K.K, to close them when the doors of the stove 
are open, otherwise (there being at that time little or no draught 
by the tunnels towards the fire) the dust will pass by them into 
the rooms with which they communicate. 

LL, air-tunnels to be fixed on the shoulders KK, and to 
be prolonged in any direction required, either downwards to 
any room below which wants ventilating, or upwards to the 
ceiliftg of the room in which the fire is made, or to any rooms 
above it requiring ventilation. 
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N. B. The direction of the first length or piece of the tun¬ 
nel should, in all cases, be upwards, to prevent sparks of fire, 
which may fly into it, being conveyed into a room ventilated 
by a descending tunnel. 

The tunnel should, at least, rise so far that the lower edge 
of it may be higher than the upper edge of the shoulder on 
which it is fixed. 

M, a back flue to conduct the smoke when all the doors are 
closed, and the stove made to act with its utmost force. 

NN, the hobbs on each side of the fire-place. 

h'lg. 3, a side view of the ventilating stove, in which the 
letters correspond as before. 

Fig. 4, a view from above of the two chimneys which con- 
\ey auay the smoke, and of the register which closes one or 
ulher bl‘ them, as occasion may require. 


DESCRIPTION OF THE SASH WINDOW FOR A HOSPITAL. 

a a a a, Plate XCII, fig. 5, a common sash window-frame, 
the upper extremity of which should be level with the ceiling 
of the room. 

h. The lower sash fixed. 

c. The upper sash working inwards on the pivots e e, at 
each side of its lower end. 

d d, Inclined edges fixed, with a proper inclination inwards, 
on the jambs to which the sash is fitted. These jambs and 
ledges should be made as exactly as possible to fit the sash in 
its working, to prevent air from passing inwards by its sides. 

e e, The pivots on which the upper sash-frames move. 

/, A regulator, notched on its lower part, and moving in a 
groove g. At the extremity of the regulator is a loop or ring, 
to receive a hook fixed to a long pole, by which the sash may 
be worked by the apothecary or nurse. The notches in the 
regulator resting on the groove, admit the sash to be placed at 
any intermediate distance required. The pole may be after¬ 
wards removed out of the reach of the patients. 
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A Tire-escape Ladder^ formed instanteously by the 
external application of a jointed pole to a Window- 

Having given the description of a fire-escape, suitable to be 
kept in parishes, as a public convenience and safeguard, we 
sh^l now give an account of one adapted to the use of indivi¬ 
duals, and the possession of which may prove a great relief to 
persons apprehcnsi\e of fire. 

This fire-escape ladder is so constructed as to be carried 
under a person’s arm with the greatest ease, and the expense 
of making it is trifling. It will be particularly ser\iceable to 
the person possessing it, in case of a (ire happening in apart¬ 
ments below him, as it can be hooked to the front window of a 
room, and he will be able immediately to descend. Or should 
bis neighour’s house be on fire, and any one in need of assist¬ 
ance, he can raise it to the highest part of the house from the 
street, by fixing together the joints at the end of each step, in 
the manner of a fishing-rod, beginning with the hook, which is 
to be placed in the socket of the top step, the other end of the 
top step to be placed in the socket of the one beneath it, and 
the same with the other steps, which will altogether form a rod. 
This rod must be raised perpendicularly clo-c to the wall, and 
directed to the window from which the person is to escape. On 
catching the extremity, the person in danger will easily fasten 
the hooks properly, as they arc made sufficiently wide to em¬ 
brace the thickness of a wail, and then, by pulling the ropes at 
the bottom, each step will be drawn from the socket of the 
either, and the ladder will be formed. The ropes at the bottom 
will enable persons in the street to steady the escape, and keep 
it from the wall. , 

This general description will be rendered perfectly evident 
by the representation of the contrivance in plate XCIl, flgs. 7 
and 8, The rounds. A, form the steps of the ladder by being 
united with two ropes BB, which are suspended from an iron 
frame C, terminating in hooks a, which can very conveniently 
be lodged on the sill of a window, and thus form an ascent 
very nearly similar to the rope ladders used on board a ship. 
The principal part of the contrivance is the ladder; which must 
be made so that the rounds can he put together in the manner 
of fig. 7, forming a pole, by which the frame C, can be raised 
up to the window from below. To eflfect this, the ends e, of the 
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ruundt; A, have ferrils fitted fast upon them, and the other ends 
f, are reduced, so as to enter the cavities of the ferrils, ivhich 
project beyond the end of the wood, so as to form sockets for 
their reception. The iron frame C, at the top, has a projecting' 
pin (I, which is connected with the end socket e, of the upper 
round, thus fixing it at the top of it; the small end of this is in¬ 
serted into the ferril of the second, which is again fixed at the 
top of the third, and so on to the bottom ; thus a pole is formed 
as in fig. 7, of all the staves of the ladder united together, by 
which the hooks a, a, at the top of the iron frame, may be raised 
up to a window sill, and then a single jerk or pull at the lower 
end, disunites the staves from one another, and they assume the 
form of fig. 8, ready for ascending or descending. 

The ropes BB, of the ladder, are composed of three .small 
lines plaited together, which method atfurds the means of fast¬ 
ening the staves very securely to them. This is shown by fig. 9: 
a hole IS bored through tlie stave at the place where the rope 
is to be fixed, large enough to receive one of the three lines, 
and a groove is turned round the outside of it at the same 
place ; then one of the lines is passed through the hole, and the 
other two passed round in the grooves on opposite sides, so as 
to Mirround the stave, and all the three being plaited together, 
they make as firm a connection as possible. 

The frame C, at the top, has two iron rods h h, fixed to its 
sides, which are useful as hand-rails, to a person getting out of 
a window upon the ladder. This frame, though large, does not 
take up any room when the ladder is packed up, because all 
the staves are laid parallel, and rolled up into a bundle, which 
fits into the curved inside of the frame C, and the whole is tied 
together by two lines fixed to the ends of the ladder, and which, 
wh^en the ladder is used, serve to guide and keep it free from 
the area, rails, &c. of any house. 


Apparatus or Jacket to secure Persons from sinking 
in Water ^ or to act as a Life Preserver when Ship¬ 
wrecked. 

A, plate XCIII, fig. 1, represents the body of the machine, 
which is double throughout, made of pliable water-proof leather, 
large enough to admit of its encircling the body of the wearer. 
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whose head is to pass betwixt the two fixed straps, BB, which 
rest apon the shoulders ; the amts of the wearer puss through 
the spaces on the outside of the straps; one on each side, ad¬ 
mitting the machine under them to encircle the body like a large 
hollow belt. The strap on the lower part of the machine, is 
attached to the back ot it, and by passing l)Ctwi\t the thighs of 
the wearer, and buckling at 1), holds the machine sufliciently firm 
to the body, without too much pressure under the arms. The 
machine being thus fixed, is intlaled with air b) the wearer 
blowing in from bis lungs, through the stop-cock K, a sufficient 
quantity of air to fill the machine, which air is retained hy 
turning the stop-cock. The machine, when tilled with air, will 
displace a sufficient quantity of water to prevent four persons 
from sinking under water. 

The Inventor recommends the Life-preserver to be pre¬ 
pared as follows; viz. to select sound (jerman horse-hides, 
and to cut a piece six feet long, and two feet six inches wide, 
free from blemish or shell: it is first to be curried, and then 
rendered water-proof by Mollerstein’s patent varnish, (of Os- 
bom-street, Whitechapel, London,) which preserves the leather 
more supple, and admits it to be easier inflated than any other 
water-proof leather. 

The leather is to be nailed on a hoard, and the varnish 
applied upon it; it is then U) be passed into an oven several 
times, the varnish being each time repeated, till the leather is 
completely covered ; it is then cat in the form of a jacket, as 
above described, and neatly and firmly stitched ; the seams and 
stitches are afterwards to be perfectly secured b\ the following 
black elastic varnish :— 

Gum-asphaltum, two pounds; amber, half a pound ; gum- 
benzoin, six ounces; linseed-oil, two pounds; spirits of tur¬ 
pentine, eight pounds ; and lamp-black, half a pound ; united 
together in an earthen vessel with a gentle heat. 

The machine, when properly made according to the draw¬ 
ing and description, resembles a broad belt, or circular girdle, 
composed of l^o folds of pliable leather attached together, and 
perfectly impervious to water. When used, tlie wearer intro¬ 
duces his head and arms within the circle, the stop-cock in 
front, the two fixed straps BB, rest one upon each shonlder, to 
prevent the belt from sinking down ; the lower strap C, is then 
brought between the thighs, and buckled iti front, which pre¬ 
vents the machine from being forced back. The machine is 
then inflated by the application of the mouth to the stop-cock 
in front, and when properly filled, the turning of the cock 
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retains the air in the machine, and expands it so much as to 
displace a quantity of water amply sufficient, not only to sustain 
the wearer, but a further weight, if necessary, buoyant in the 
water. 

A great number of cases have occurred, by which the effi¬ 
ciency of this life-preserver has been fully mauil'ested. Among 
others the Ibllowiug may be adverted to. 

The Alert, privateer, on the 22ud September, 1805, struck 
on a rock near the Western Isles, and went to pieces in five 
minutes. Thirteen of the crew saved themselves by clinging 
to pieces of the wreck; but the rest, consisting of sixty-four 
foremast men, and all the officers, except the surgeon, perished. 
The surgeon, though unable to swim, su])ported liimself, amidst 
waves running mountains high, by one ot these life-preservers, 
with which he happened to have provided himself, until the 
arrival of a Portuguese boat, which pul off to his assistance, 
and took him up about a mile from the shore. 

In another instance of the utility of this life-preserver, tw’o 
gentlemen and two ladies, in a pleasure-boat, set sail about 
four o’clock in the afte rnoon, with a view to reach the city of 
Norwich, a distance of thirty miles, that evening. The wind 
blew hard at south-wist, and one of the life-preservers was 
taken on board, though without the smallest fear that any occa¬ 
sion for the use of it would occur; and it was, with a view to 
amusement, rather than otherwise, jocosely filled as they went 
along, by »»ne of the two gentlemen. The precaution proved 
most fori unate; fur on tacking to enter Norwich river, at a 
part of the water called Piviydon, two miles over, a sudden gust 
overset the boat, and plunged the whole company into the wa¬ 
ter, which was extremely rough. The gentleman with the ma¬ 
chine having reached the other, who, inexpert at swimming, 
could scarcely suppport himself, directed him to lay hold of the 
collar of bis coat, over which the machine was fixed ; this being 
done, he proceeded to the ladies, whose clothes kept them 
buoyant, though in a stato of fainting when he reached them; 
and taking one of them under each arm, the violence of the 
wind drifted all four on shore upon Burgh Marshes, where the 
boat had already been thrown, with every thing belonging to 
her that would lloat. Here, after procuring such assistance 
and refreshment as they required, they again set sail in their 
own boat, and arrived at Norwich by eleven o'clock the same 
evening. 

It would be useless to multiply testimonies of this nature; 
as those adduced very clearly show the services which this very 
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simple machine is capable of rendering, in cases of the greatest 
peril from shipwreck. At sea-ports, and wherever accidents on 
water are likely to occur, nothing has yet been devised better 
calculated fur general utility, and it is bigbly desirable that the 
plan should be adopted, of keeping one or more of these life- 
preservers in known and convenient situations. Sadler, the ce¬ 
lebrated aeronaut, was provided with one of them, which he 
considered a necessary part of bis apparatus in his aerial voy¬ 
ages, and which enabled him to contemplate, without being ap¬ 
palled, the circumstance of being compelled to descend, even 
upon the sea; a disaster which actually occurred, near the 
mouth of the river Mersey, Liverpool, while accomplishing the 
adventurous excursion in his balloon from Ireland to England. 

Although this life-preserver, in its present state, possesses 
so much simplicity of construction, yet the various experiments 
and attempts made in perfecting it, cost the Inventor nearly 
£1500. 


A Wheel Drag for Iwo-wheeled Carriages. 

In plate XCIII, fig. 2, a a a, is a piece of wrought iron, 
curved to the exact form of the cart or carriage wheel, with 
the thickest part at h, on which the weight of the cart rests. 

1, 2, 3, 4, Are shoulders which keep the wheel within the 
drag, and should be about four inches high. 

C, the wheel made of solid iron, nearly as wide as the drag, 
and seven inches in diameter. It runs on its axis at D, has 
a strong shoulder, and standing forward, resists the sudden jolts 
of rough roads. 

E, the chain to be fastened to the near shaft, to keep the 
drag properly under the wheel, which from jerks might be apt 
to pass over the drag, and leave it behind. 

In the shoulders, 1, 2, are shown holes, by which the drag, 
when out of use, is hung on hook.s, at the under part of the tail 

of the cart. «. i • 

This simple contrivance has never failed to be enectual in 
retarding carts, or any two-wheeled carriage, while descending 
hills, taking olf the great burden from the shaft-horse, and permit¬ 
ting the carriage to descend with the greatest ease and safety, 
in the most mountainous country. It may be applied to any 
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kind of road, and is not sabjeot to the inconvenience of locking 
poles, which on rough roads, among loose stones, or deep mts, 
are very apt to overturn carts by the sadden resistance they 
meet with. 

The wheel C of the drag, should not be less than has been 
mentioned, and indeed the enlargement of it would render it 
less liable to be choked with mud, at the same time that the 
machine would more easily adapt itself to declivities of different 
degrees of steepness. The strain upon the wheel is not such 
but that it might be made of cast-iron, with spokes for the sake 
of lightness. The drag is usually made to weigh from sixty 
to eighty pounds, including the chain, and is fastened to the 
near-wheel; instead of allowing a loaded cart to press upon the 
shaft-horse, it supports and elevates the wheel, so that the horse 
draws only a small burden. 

The shoulders, 1, 2, 3, 4, should be sufficiently wide to 
admit the wheel of the carriage freely. As the part which 
receives the greatest pressure will inevitably wear away before 
any other, it sho^d be soled with a plate iron, which when 
worn through, luy be detached and renewed. 

Deep ruts, or loose stones, have not been found to lessen the 
advantages of this drag. 



An improved Stop or Drag for 

down hilL 


Carriages going 


This drag is to be applied to the naves of the carriage 
wheels, with a chain attached, fastened to the breeching of the 
hors6, and a small pin on each side of the shaft is to go into 
the hole of the bar of the drag. If one of the pins be taken 
out, one wheel will be dragged and the other not. By leaving 
out both pins, the two wheels are dragged in going down hill, 
by the breeching bearing against the horse. The wheels will 
revolve round on a level road, and in going up hill undrag 
themselves. When the wheels are braced, two or three tons 
weight have very little pressure on the horse in going down 
bill* 

If two loaded carts should meet on a narrow hill, by un¬ 
hooking the drag-chain from the breeching, and hooking it to 
49. VOL. II. 2 T 
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When backing upon level ground, by inserting the pin D, 
fig. 3, throngb the bars of the brakes, the wheels will be kept 
free. 


Description of an Augre, or Pmt-borer^ for draining 

boggy Land. 

The greatest obstacle to the effectual draining of many 
boggy laVids consists in the earth in the bottoms of the ditches 
or drains when newly cot, and especially if made to any consi> 
derable depth, rising from the pressure of the waters contained 
in the bog, by which the newly cut drains and ditches are.ire- 
(juently so nearly filled up, as to impede the flowing of the 
water they were intended to carry off, thereby rendering the 
work comparatively ineffectual. 

There are different layers, or strata, in moss or peat lands, 
which will not allow the water easily to filtrate through them, 
yet are of so soft and spongy a nature as to rise from the 
pressure of the water contained in the bog. 

It becomes necessary to give a free vent to the above con¬ 
fined water, effectudliy to drain such lands. This has been most 
effectually done by the augre described below. 

A common augre, or even a pole, will force a passage, and 
give vent to water for a short time; but owing to the .peat 
being only pressed sideways, and not cut out, the parts soon join 
again, and the passage of the water of course becomes com¬ 
pletely obstructed; but by means of this augre, a cylindrical 
column of peat, six inches in diameter, will be clearly cut out 
and taken thence, and a free passage maintaiDed for a very 
considerable space of time. 

The first experiment made with the instrument, produced a 
clear hole, of the above dimensions, four yards in depth, in one 
hour; and Ae water, which had been pent up in the bog, rose 
above the level of the bottom of the ditch, from four to six 
inches; and the bottoin of the ditch, which was previously 
very soft, and had begun to swell and rise, in a few days became 
more firm and solid, and this in so great a de^free, .that wh^ 
cleared, it remained without swelling or rising in the least. It 
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will eoDiiderably reduce the expense of draining inch lands, 
by lendorieg th«n so firm as to cause the firat end-drains to 
stand. 

The most proper depth to bore depends on the situation. 
Where the moss lands lie low, and are in danger of being 
flooded, no greater depth than what is absolutely necessary for 
draining the surface should be bored, as by deep boring, the 
lapd ma^ be sunk so low as to be liable to inundation. 

A, fig. 7. plate XCIII, the cutter of the borer, which pene¬ 
trates the peat. 

B, a hollow cylinder, forming the body of the borer; its 
interior six inches in diameter. 

C, the aperture through which the peat, introduced by 
baring, is drawn out. 

D, a portion of the iron bar of the borer, to the upper part 
of which a oross handle is to be affixed. 

Hie whole of the instronent, except Uie handle, must bo 
made of iron; tbe cutter should 1^ steeled. 


An Instillment to work the Addition of Numhers with 

accuracy and despatch. 

Casting np bills is what fallh to tiie lot of most people in 
bosinesa, and many who are moderately clever at it, often 
find it a tronldesome task before they can place any depend¬ 
ence upon their being right; they have need to cast them up 
two or three times, and even then have often as many diiforenf 
sums, and therefore find themselves much confused and puz¬ 
zled in the operation. In these cased, the present instrument 
will 1^ very acceptable; It will take the work from the tntW, 
tind give it to tbe hand, which will perform it with greater ease, 
accuracy, and expedition: a person who can only reoef.figures, 
may, by this help, add np a bill with as much accuracy as a 
jmathetnatician.* 

The principal wheel of this instmiuent has fbnr circular 
rows of fibres upon its face. The first row. which Is nearest 
the teeth on the circumference, deimtes jpence, the second sdtV- 
lings, and the third and fourth denote Jthe total number of pence 
or ehUUnge, &c. Thus, if in the third row should be under 
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tached by a centre-pio R, to another circle BB, figs. 2, 3, 4, 
which is held in the.hand when the instrament is used; tbes» 
two circles torn round freely opon each other, and upon the 
centre of the upper one, a radial lever, or index. CL, is fixed, 
which has a free motion round the centre-pin R. The circle 
A.A, has a ring* or hoop of brass MM, fitted to its circumference, 
which is cot into 180 serrated teeth, as shown in fig. 2. The 
centre index, CL, slips over the sloping sides of these teeth, 
when moved in one direction, but when moved in the other, its 
edge c catches into the perpendicular sides of the teeth, and 
carries the circle round with it. 

£E, fig. 3, are two brass cocks, screwed to the side of the 
lower circle BB, and projecting from it beyond the circumfe¬ 
rence M, of the upper circle ; the ends of them support a flat 
circular wooden or brass limb, FF, which (as shown in fig. 1) 
has other correspondent divisions and figures upon it, over 
which the index pa.sses. At one end of the limb, a wire stop, 
h, is fixed, and when the index is pressed against this, its edge 
c will| stand upon the figure 1 of the limb FF, which is 
numbered progressively, 1, 2, 3, 4, &c. to 50; which num¬ 
bers are the same distance apart as the teeth upon the edge of 
the great circle A, so that by moving the index to any of these 
numbers, its edge C will havo passed over the same number 
of teeth of the circle, as the number of the limb to which it is 
carried denotes; but in passing in that direction, it slips over 
the sloping edges of the teeth, without moving the circle : 
now the edge C having arrived at any intended number, as 
19, for instance, the edge of the lever is pressed into the teeth, 
and being brought back again, till it touches the stop 6, it 
will have moved the circle A round 19 teeth. 

At the extreme end of the limb FF, a piece of brass, PP, 
is fixed, so as to form a rei^ding index fur the numbers on the 
several circles which are described on the face of the great 
circle A A, and of which circles of numbers there are four, viar. 
one for the pence, one for the shillings, and two circles for 
the pounds. The external circle, which is the one for pence, 
is numbered 1, 2, 3, 4, 5, 6, 7, 8, 9,10, 11, then 1, marked 
in red, to denote 1 shilling: then 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10, 11, again, and 2, in red to denote 2 shillings, and so 
on, op to 180, which will be 15 shillings. The next circle 
towards the centre, is for the pounds; this is numbered 1, 2, 
3, 4, 6, 6, up to 19, then 1, in red, for 1 pound; then 19 
nnmbered successively again, and 2, in red, for 2 pounds; 
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and 80 on to 9 pounds, arlitch fills the circle, because 9 pounds 
contain 180 shillings. The third circle towards the centre is 
for the additicm o/ pounds, or any other whole numbers; the 
circle therefore is numbered in a regular ascending series, from 
1 to 180; but to enable the instrument to count higher than 
180, the fourth circle is introduced; this begins at 181, and 
proceeds by a regular increase to 360. 

G, figs. 3 and 4, is a detent, moveable on a centre-pin 
attached by a stud H, to the lower circle BB, and its tail is 
pressed by a small spring which causes it to press constantly 
upon the under side of the great circle A A, and produces such 
a friction as prevents the upper circle from slipping loosely 
round. A screw, 1, fig. 3, is fixed in one paart of the under 
side of the lower circle, so tlmt in turning round, it intercepts 
the detent G, and in this position, the edge of the index PP, 
is at the zero, or point of commencement of all the numbered 
circles. In this position the instrument is ready for use, in the 
following manner ; suppose the sum in question to be this : 

£ s d 

23 14 3 
18 5 2 

12 3 4 

47 6 5 

21 4 3 

12 3 4 


134 16 9 


Having adjusted the instrument as before described, that 
is, having brought the circle to the zero, bold the circle BB 
in one hand, and take the end L, of the lever CL, in the 
other, then move the end of the lever CL, till its edge c, cuts 
the figure 4 of the limb FF, which is the first figure in the 
sum; in this movement, the index is to be held up so as not 
to toQch the teeth, but having arrived at the intended figure, 
it is pressed down into the teeth* and is brought back again 
(tfie circle with it) until it touches the stop b, when it will' 
have moved the circle, so that 4 will stand before the index P^ on‘ 
the pence circle; then, the index L, is carried back again to 3, 
the secondfijjure of the sum, and returned to its stop, carrying 
with it three divisions more; it is next moved to 6, and so on 
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following the pence colnnii, till the namber 8» at the lop, is 
eoonted; then, examin^ at tiie edge of the index PP, it will 
he found to stand at 9, in the pence circle, ai\d the nearest red 
l^giire which has pasted by tne index, will be 1, denotioff 1 
filing and 9 praoe;* therefore 9 must be pnt down, mm 1 
earned to the next oolomn; and to recollect this, a small |dn 
s$ must be stack into the bole. No. 1, upon the outsit of 
the limb F: the circle is then returned to the zero, which is 
leaiddy performed, returning it backwards as far as it will go, 
and the st^ it, fig. o, prevents its going farther than the right 
position. The column of shillings is then to be added op by the 
same process, taking the numbers 3, 4, 6,3, 5,14, by successive 
steps of the index lii then, on examination of the. second, or 
shiliings’ column, 16 will be found beneath the index, and the 
nearest red figure which it has passed by will be 1, denoting 1 
pound 16 shillings; 16 therefore is set down, and the pin x still 
Kept in the same bole to denote that 1 is carried forwards ; the 
circle is again brought to zero, by bringing it back as far as it 
will go: and lastly, the column of pounds is added, in exactly 
the same manner. 


Meiliod of painting Canvass or lAnvn Clothy with Oil 
Colours, to he more pliant, durable, and longer im¬ 
pervious to Water, than in the usual mode; together 
with directions for converting old wom-out pavited 
Canvass into Paint, and hints rdative to Colours and 
Colour-grinding, 

Canvass, when painted in the usual way, gradually hardens 
to such a degree, as to crack, and eventually breaking, it be- 
* comes unserviceable. In this way, immense quantities of can¬ 
vass, painted for covering seamen’s hammoexs, and for other 
vsew in the Navy, completely pensh in a short period, and re¬ 
quire Jo be renewed. It is therefore an object of great im¬ 
portance, to use some ingredient along with the paint, which 
will prevent the bad efiects in question; and the^ one recom- 
mmd^ below, has been proved effectual by tke experience of 
above three years. 







^ ZTr.vtvt 
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floor-clotbs, and for painted coverings in general. Probably 
its utility may be extended muob further, as from actual trials 
of nearly four years, it bas been found a preservative of red, 
yellow, and black paints, when ground in oil and put into 
casks. When the paints were examined at the expiration of 
the time alluded to, they discovered no improper hardness; 
but when laid on the work with a brush, they dried in a remark¬ 
able manner, without the usual addition of any ingredient as 
a dryer. This hint may be important to coluurmen, and to 
those who purchase paint for exportation. 

Painted canvass, which has been rendered wholly unser¬ 
viceable by age or accidents, may, by careful calcination, be 
reduced to a pigment, which is again tit to be mixed with oil. 
and then forms as valuable a paint as before. While the old 
useless canvass is burning for this purpose, rake aside the 
ashes, and sprinkle them with water, to prevent as much as 
possible the loss of weight. Pass the calcined matter through 
a fine sieve, and it is then tit for grinding; it grinds easily, 
possesses a good body for covering with, dries well, and 
remains glossy. Its bulk exceeding that of an equal weight 
of common colour, it has the advantage of covering more 
work. The colours yielded by the calcination of diflereutly 
coloured canvass, were as follows, viz. canvass which has 
been painted with black paint only, produces a black ; canvass 
finished with black, but which has previously had a red or 
yellow ground, will produce a dark chocolate colour: canvass 
painted a lead colour, will yield a good dark lead colour. 

By three experiments which were tried in Portsmouth yard, 
it appears that one ton of unserviceable canvass, will yield, upon 
an average, four hundred weight of dry colour, the value of 
which to Governmei|t is nine pounds six shillings; the expense 
of the process, does not exceed six shillings. Previous to the 
discovery of this process,, immense quantities of old canvass had 
been buried or burnt. 

In painting canvass by the method above described, the 
apace of time which should elapse between laying on the first 
coat, containing the solution of soap, and the second coat, ought 
to be one entire day; but when the saving of time is an object, 
the second coat may be put on the day following the first; for 
if the canvass is placed in an advantageous situation for drying, 
the composition will dry or harden so as not to rub off. Can¬ 
vass finished entirely with the composition, leaving it to dry t>r 
harden one day between each coat, ,will not stick together if 
laid in quantities. 
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Great qaantities of canvass, painted upon this plan, have 
been executed by order of the Navy Board, and for the painting 
and drying of which not more than one week was allowed. 
Tfie practice observed was to lay on the composition the first 
day ; the canvass was hriiig up to coat it the second day; and, 
leaving one intermediate day, to finish it on the fourth. Three 
days were then sUlowed for it to dry and harden, and when 
afterwards taken down and folded in cloths containing sixty or 
seventy yards, there was no adhesion of the surfaces to each other. 

The following testimonials, dated March, 1807, in favour 
of the improvement here proposed in the plan of painting ham> 
mock-cloths, may be acceptable to the reader: 

A. Stow, lieutenant and commander of the gun-brig 
Steady, states, that in the preceding month of October, he had 
received on board his ship a set of hammock cloths, painted 
after the method invented by W. Anderson. These cloths had 
been constantly in use since the time above mentioned, and 
appeared fully to answer the end proposed, of rendering the 
canvass soft and pliable, of preventing its cracking, or the paint 
peeling off, and which in the old method of painting bad been 
the subject of much complaint. 

John Pridy, lieutenant and commander of the Gladiator, 
and formerly commander of the Dapper, on which latter ship 
there were a set of hammock-cloths, painted after W. Ander¬ 
son’s plan, testifies to the same effect. 

P. F. Wyatt, oil and colourman, Portsea, states that he 
had seen canvass painted after W. Anderson’s new method, 
which, after a trial of sixteen months, remained perfectly soft 
and pliable, the paint by no means cracking or peeling off’, 
and that the gloss was retained, though it had been exposed to 
all weathers. He further observes, that he had seen the paint 
prepared by him from old painted canvass found unserviceable, 
and had worked and painted therewith ; that it was, in his 
opinion, very good, and would answer either on canvass, wood. 

Ns. Djddems, master shipwright, Portsmouth dock-yard, 
states that W. Anderson had proposed to him to obtain by cal¬ 
cination, from old, unserviceable, painted canvass, the paint 
which had been laid thereon ; that such experiment was made, 
and four hundred weight of dry serviceable paint prepared 
from one ton of such canvass ; that he had seen it when 
in oil, and laid on work, when it appeared to possess all the 
properties of good paint, and had therefore been recommende 
by him to the Navy Board. 
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A set of bammock-cloths, cootaining sixteen hundred yardS| 
having been painted hy W. Anderson, for the king’s ship 
Hibernia, Captain Hices, the commander* and W. Trounsell* 
the oorpenter of that vessel, having had them nearly a year 
in use, certify that they were pliable, and did not crack, nor the 
paint peel ofi', and that they were, in their opinion,' preferable 
to those painted in the common way. 


PROCESS FOR MAKING A LEAD-COLOURED PAINT 

FOR IRON. 

Take a tire shovel, and having pot a small quantity of 
common lithurg** upon it, place it over'the tire. Ttnm take a 
small portion of tluur of brimstone between thp lingers, uniT 
scatter it over the litharge, as soon as the latter is hut enough 
to light it. The litharge, by this means, instantly becomes 
blackish, and when ground in oil, makes a good dark lead 
colour, that dries quickly, gets remarkably hard, and resists 
the weather more than any other lead colour. 

In concluding this paper, it may be useful to advert to a 
plan by which the labour of three men out of four was saved 
in grinding hy hand, with the common colour-mills, the 
immense quantities of colour required by the Itiventor for 
painting canvass. One mill has ever been considered sufficient 
for cue iiLiii to turn, whereas one man can now, with perfect 
'ease, turn lour mills. This is effected by placing two mills 
on each side of the winch, so close as only to leave room for 
the fly-wheel to play between them. The spindles of each qp 
either side are lucked together by a small iron collar with a 
pin passing through it. The distance from each other, of the 
mills thus paired, in order that the man may stand between 
them t«) turn, is two feet six inches. The distance of the arms 
of the winch screwed on the end of the spindles on either side, 
is two feet two inches; the length of the arm is one foot six 
inches from the spindles to the bar across which the man clpipa 
in order to torn. Fly-wheels at the extremity are only im¬ 
pediments. When the mills are arranged as des^nfaed, it can 
scarcely be^boUfived with what ease they are merved. If a little 
MUraordinary motion is given them, and they iJre then left alone, 
ibey will cemtinne to go roqn4 aiEteen tinifs : hence they may 
be turned by a man with one hand. 
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A Thrashimr Machine. 

The Inventor of this inacliine being largely conceruetl in 
agriculture, and having 800 acres of arable land, found that a 
thrashing nmchine became absolutely necessary for the conti¬ 
nuance of his occupations. Jle therefore erected one that 
had been recommended to him, but tiom the complication of 
its structure, its being fretjuently out of order, and from its 
bad performance of the work at all limes, he resolved to try to 
lia\e a thrashing macbiiie made under his own directions, more 
simple in its construction, and more efficacious in its opera¬ 
tions. ith this view, he eoii(imu;d his experiments for nearly 
three years, and after an expenditure of about three hundred 
p(»unds, he succeeded in the construction of the machine repre¬ 
sented in plate XC\'I, figs. I and 2, which answered his pur¬ 
pose in the most satisfactory manner. 

Figs. 1 and 2 give a side and end view of the machine. A, 
in both figures, represents the framing of the machine. B is 
the shaft of a cog -ns heel C, which is turned by cog-wheels, from 
the great horse-wheel, in the same manner as the ordinary 
thrashing-inill. The cog-wheel C, turns a small pinion D, to 
which it gives a rapid revolution ; on the axis of the pinion 
the beaters EE are fixed, and revolve with it, within a segment 
or drum, formed of iron plates, grooved or ribbed, parallel to 
the axis, as the figure represents, and connected together by 
wooden curbs FF, to whii h they are screwed. 

a a Is the feeding board, upon which the corn is placed to 
enter the machine. The end of this board is fixed very near to 
the four vanes, or beaters, bhhb; as these revolve rapidly, 
lliev strike the heads of the corn upwards, with such a jerk as 
to beat out all the corn from those ears which they meet fairly; 
but if any escape, they are drawn in, together with the straw, 
and rubbed round by the beaters against the inside of the ribbed 
drum or cylinder F, so as to open the ears and let out the corn, 
though the ears come in any position whatever. 

At H is a grating, upon which the beaters deliver the corn, 
chaff, and straw together; the two former fall through upon 
the ground at X, and the latter slides down upon the grate. 
The corn is afterwards to be dressed in a winnowing machine, 
which separates the light and heavy corn from the chaff. 

‘ The curbs FF, are fixed by screws, which can be adjusted 
so as to bring the cylinder nearer to, or farther from, the 
beaters, to adapt the machine for thrashing different kinds 
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g^D ; for it is evident that peas, beans, &c. must require 
more space to rub them in than the smaller grain, us wheat and 
barley. 

L. fig. I, is one of the uprights of the frame which supports 
the bearing for the axis B of the cog-wheel; and M is an 
oblique brace, which strengthens the frame. 

is the stage on which the man who feeds the machine 
stands. 

This machine requires no rollers for entering the corn to 
be thrashed. It is about two feet six inches in length; two 
horses are sufficient to work it; and from half-past seven to 
two o*clock, they will, without fatigue, thrash two loads of oats, 
each of forty bushels. 

The vanes within the cylinder revolve from one hundred to 
one hundred and twenty times fur one round of tlie horses, in a 
space of twenty-two feet in diameter. The four vanes within 
the drum or cylinder, are each one inch and a half thick, and 
inclosed to within about three inches of their exterior edges. 
The drum or cylinder within which the vanes turn, is close- 
fluted with wood of about an inch thick, uud is in moveable 
parts, so as to admit of being placed, as above noticed, nearer 
to, or farther from, the vanes, as the corn to be thrashed may 
require. 

William Wright of Henley-upon-Thames, Oxfordsliirc, is 
a maker of these machines, and his usual charge fur one of them, 
including the horse-wheel, is forty-eight pounds. 


Expanding Harrows Jor cleaning foul Land and 
/tarrowing in Seeds. 

These improved harrows admit of contraction or expan¬ 
sion, so as to cover an extent of land from five to ten feat; 
their teeth may be set at twelve different distances between 
these dimensions; and their tracks will always be at equal 
distances, according to the .state of the land. They will either 
serve for harrowing in seeds, or cleaning foul land. 

For cleaning foul land, this harrow will be found particu¬ 
larly useful; for in such land, the teeth ought to be at a 
greater distance in the'^first harrowing, and at the subsequent 
harrowings to be brought nearer together by degrees, till at 
last the teeth are brought very near together. One pair of 
these barrows answers the purpose of three or more pair made 
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upon the old construction with 6xed tehth. They are so con¬ 
structed as to be contracted or expanded in two or three 
minutes, and the teeth, which are thirty-four in number, set 
at any equal distances required, having only two screws to 
confine them. They are more durable than otiier harrows, as 
there are no mortises or tenons in them to weaken the wood¬ 
work, or admit the rain; they being put together with iron 
nuts and screws. They are also more readily conveyed from 
field to field, and when not used, will fold up in a small com¬ 
pass. 

A pair of these expanding harrows is represented by fig. 3, 
plate XCVl. It consists of two sets of moveable bars of 
wood connected by hooks in one set, and eyes in the oilier. 
Kach set is composed of four bars of wood, A B C D, furnished 
with teeth ; these are connected, and held parallel to each 
other by three other bars, or braces, £FG, united to the for¬ 
mer by screw-bolts ; the iron loops HI are the points for the 
chains by which they are drawn. 

K K are two iron braces, joined to the bars EE, at one of 
their ends, and have a number of holes, any of which can be 
put over screw-pins fixed upon the middle bars FF, provided 
with nuts; when these nuts are removed, and the iron braces 
detached from their pins, the frames may be either closed up, 
or extended, so as to bring the teeth of the harrow nearer 
together, or remove them farther asunder; and they can be 
fastened at any point by the different holes in the iron braces, 
so as to work with the teeth at any requisite distance from 
each other. 


A screw-adjusling Plough. 

This invention is a material improvement of the wheel- 
plough in common use in Norfolk. It works with greater ease 
to the horses, on account of the line of draught being at right 
angles to the horses’ shoulders. It lays the furrow slice par¬ 
ticularly level, and cuts an even bottom furrow. It is less 
liable to wear, on account of having less friction on the ground 
irons. It is particularly well calculated for breaking up stiff 
old land, and less liable to be put out of order than any plough 
generally used. By the adjusting screw, the farrow may be 
set from one to nine inches in depth, and secured by a lock at 
these or any intermediate depths, with the greatest exactness. 




3;lt» COMPENDIUM OF PRACTIOAI. INVENTIONS- 


liali's sctvtr-a^ustiHff phugh.—Btirber^t thinffr rxtirpator. 


It may he easily c»»uvcrled into a swinjf ploufjh, by disengaging 
the axle-tree ami wheels. Its beam may be made particularly 
light, on account of'the line of draught lying so near the heel. 

ITiis plough is represented by fig. 4, plate XCVI. A is 
the beam carrying the coulter B, the share D, and the handle 
£. F is the mould board. 

The draught of tlie plough is taken by two iron rod.H G, 
connected at one end with a hook a in the beam A ; and at 
the other with an iron bridle H by a swivel-bolt. This iron 
bridle has several notches to receive the draught-chain 1, 
means of which the point of traction is adjusted sidewat s. 

The adjustment for height, and in which the improvement 
consists, is made by an iron frame K,- at the top of which a 
nut is placed, acting upon a screw d, fixed into the beam A. 
The axle-tree e, of flic wheels f f, is connected with the iron 
rods G, by a bolt or pivot projecting from the end of them, 
which passes through the axle-tree. By these means, tlm 
wheels always apply themselves to the inequalities of the ground 
wifliout influencing the motion of the plougli. ^ 

The nut of the screw d being turned, raises or lowers the 
iron rods^G, and elevates or deprcsse.s the point of traction, so 
that the plough will cut a greatef or less depth of furrow. 


A Tliislle Ejctirpator, 

This simple instrument ufluids the agriculturist very efiec- 
itaal assistance, in eradicating thistles, docks, and other weeds 
of a umilar. kind. It is so.^conlnved, that if the root, in at- 
temp^pg draw it, bfeaks in the claw,, by turning the instru- 
jment, the root nmy be cn^ so far belpw the turf, as to prevent 
i^'growth.' , 

In fig. 5, plate XCrVlf, A is the Ipuidie of the thistle extir- 
.pat<lf :. JP the ,claws, between which the ^istle is* .rec^Ved. 
’^e enrv^ iron 0 is tlie fulcrnih, over which the pdrchasCj to 
qxtract %eed, is obtained. D is an iron rod'dr ^ar upon 
wbich the; toot is placed to thrust the claws into the gfduqd., 
‘Ip case tnarpot of the weed hreaks in enqeavounDg tq ex- 
the curved bfade ^, whjcti has a sharp enotike a cinsel, 
jis thrust uie grdqncf to chf plflh'e roof of the thistte some 
inclies*het^ow the lui^ccj arid prevent its vegdtatioh. 




CI 4 ASS III —rliual. and domestic economy, &c. 33 

f 

Taylor on the method of making rlover-hay, iu met weather, in Courland. 


Method of making Clover-Hay, in wet Weather, as prac¬ 
tised in Courland. 

In this method of making hay, not only a number of hands 
are saved, but the hay is better and more nourishing. The hay 
is prepared by self-fermentation, whereby it retains its nutri¬ 
tious juices, and only loses its watery particles ; it is dried 
more expeditiously by the dissipation of its humidity, and the 
contraction of the sap-vessels, and thus its nutritious juices 
are concentrated. This process is conducted in the following 
manner, viz. the sap-vessels are expanded by the circulation 
of the liquid juices by heat, and the superfluous humidity is 
exhaled: on cooling, the sap-vessels contract, and thus future 
intestine fermentation is prevented, and the nutritious quality 
is preserved. 

Upon this principle, the clover intended for hay, after having 
been mowed, remains till four o’clock in the afternoon of the 
following day, in the swathe, to dry ; it must then be raked 
together into small coils, and afterwards made into large cocks 
in the form of a sugar-loaf, and such as it would require six or 
eight horses to remove. To prevent the air from penetrating 
these cocks, and to produce a quicker fermentation, they must, 
whilst forming, be trodden down by one or two men. If it 
be a still, close warm night, the fermentation will commence 
in four hours, and manifest itself by a strong honey-like 
smell : when a proper fermentation is begun, the cocks will, 
on being opened, smoke, appear brownish, and may then be 
spread abroad. If in the morning the sun is waim, and a little 
wind arises, the clover-hay will quickly dry; it may then, 
towards noon, be turned with the mke or pitch-fork, and, 
about four in the afternoon, it will be sufficiently dried, so 
that it may be immediately carted into the bam, without any 
danger of a second fermentation. 

By this method of management, the clover will require only 
three days, from the time of mowing, to its being housed, and 
very little work; whilst, in the common way, even in good 
weather, it requires six or eight days. In the old method it 
frequentiy becomes of a black jsolour; but in the new method 
it is only brown, has an agreeable smell, and remains good and 
unchangeable in the barn. The farmer has also another advan¬ 
tage, that if he has not carts enough to carry it into the barn, 
he need only at sun-setting, heap it again into large welL- 
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the common rtay. Besides which; it must be remarked, that 
tiM'IsiMenhed'cloter remains good, even if it continues some 
vrOefts *biposed’ to the ^iii; provided it is at last suffered to 
dry befdre it iS put ifitO the bam; otherwise the wet from the 
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le sort, in regard to lengm, suppleness, fineness of the Imt, 
brittleness of the reed, which dresses most freely, with least 
waste of fibre, and yields the greatest produce of fine strong 
hail. Is most common in the bottom of ditches amongst 
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COMPENDIUM OF PRACTICAL INVENTIONll 


CmbmI to rtmtjir* omI iMf«r.-^Dr«ry’« method of profvimg paste from potaiuas 


Cement which resists the, action of Fire mid Water. 

TaWe half a pint of milk, mix witli it an equal quantitv of 
vinegar, so as to coagulate the milk; separate the curds Iroui 
the whey, and mix the latter with the whites of four or five 
eggs, well beaten up. The mixture of these two substances 
being complete^ add to them Quicklime which has been j)asse(i 
through a sieve; make the whole into a thick paste to be of 
the consistency of putty when it is used. 

This cement has been applied to close the fissure of an iron 
cauldron, for the boiling of pitch, and which has been in use 
for five years, without requiring further repairs. 


Method of preparing Paste from PolatiK's, for the use of 
Weavers^ BookUmkrSy Trunkmakers, Upholsterers, 

Take one pound of raw potatoes, well washed from dirt, 
grate them fine on a common tin {prater, witiumt paring them, 
with two and a half pints of water, then boil the whole mix- 
lure immediately, and stir it well during the whole time ot 
boiling, which should be about two minutes ; then remove it 
from the fire, and add to it about half an ounce of fine!> 
powdered alum, by gradually sprinkling it into the paste, and 
stirring it with a spoon till the whole is perfectly incorpo¬ 
rated. It wiU then be fit for use, and forms a beautiful 
transparent paste. 

This paste answers all the purposes of that prepared from 
wheaten flour, and may be made at one-third of the cost It 
is easily made free from lumps, and does not admit the air to 
get under the paper like common paste, nor injure the colour. 
It is free from any offensive and after having been 

exposed to the air for ten or twelve days, it will not appear 
to be in the least changed. Onejpeck of potatoes will make 
upwards of thirty-eight pounds of paste 
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Morris on uses of the liguor from patatoss, — Riekardsom's method of oharAtg fsotktrs. 


Uses of the mucilaginous Liquor from Potatoes. ' 

Take raw potatoes, in the state they are taken ont of the 
earth, wash them well, then rub them on a grater over a 
vessel of clean water to a fine pulp; pass the liquid matter 
through a coarse sieve into another tub of clean water*; let 
the mixture stand till the fine w'hite particles of the potatoes 
are precipitated, then pour the mucilaginous liquor from the 
fecula, and preserve this liquor for use. 

The article to he cleaned should be laid upon a linen cloth 
on a table, and having provided a clean sponge, dip the 
sponge in the ])Otato-liquor, and apply it thus w^t upon the 
article to be cleaned, and rub it well upon it with repeated 
portions of the potiito-liquor, till the dirt is perfectly sepa¬ 
rated; wash the article in clean water several times, to remove 
the loose dirt; it is then ready for drying or smoothing. 

Two middle-sized potatoes will be sufficient for a pint of 
water. 

The white ferula which separates in making the mucilagi¬ 
nous liquor, will answer the purjiose of tapioca, will make a 
useful nourishing food with soup or milk, or serve to make 
starch. 

The coarse pulp, which does not pass the sieve, is of great 
use in cleaning worsted curtains, tapestry, carpets, or other 
coarse goods. 

The mucilaginous liquor of the potatoe.s will clean all sorts 
of silk, cott<»n, or woollen goods, without hurting the texture 
of the article, or spoiling the colour. 

it is also useful in cleansing oil-paintings, or furniture that 
is soiled. 

Dirty painted wainscots may he cleaned by wetting a 
sponge in the liquor, then dipping it in a little fine clean 
sand, and afterwards rubbing the wainscot. 


Method of cleaning Feathers from their Animal Oil. 

Take for every gallon of clean water one pound of quick¬ 
lime ; mix them well together, and when the undissolved 
lime is precipitated in fine powder, pour off the clear lime- 
water for use. 
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COMPENmt’M OP PRACTICAL INVEVTIONS. 


Ri€karisim*» method of eUamiog ftotkm. — Cook't method of turning aphrres m wiwd. 


Put the feathers to be cleaned in another tub, and add to 
them a quantity of the clear lime-water, sutKcient to cover 
the feathers about three inches, when well immersed, and 
stirred about therein. 

The feathers, when thoroughly moistened, will sink down, 
and should remain in the lime-water three or four days ; after 
which the foul liquor should be separated from them by laving 
them on a sieve. 

The feathers should be afterwards well washed in chan 
water, and dried upon nets; the meshes of which may be 
about the fineness of those of cabbage-nets. 

The feathers must from time to time be shaken upon the 
nets, and as they dry they will fall through the meshes, uiul 
are to be collected for use. 

The admission of air will be serviceable in the drying; the 
whole process will be completed in about three v\eeks : after 
being prepared us above nientioiif'd, they will only require 
beating previous to use. 


Method of turning Spheres in Wood. 


This invention applies to the art of turning a truly sjiheiical 
figure between two centres, jirincipully on a large scale, by 
means of the large wheel commonly mu<le use of liy turners. 

Prepare of wood as near a cube as may be ; plane one side 
true, and guage a line down the middle, from which line the 
centres are at each end found by a pair of rom[)asses. T hen 
form the piece to an octagon by taking ofi the tour corners ; 
place it in the lathe, and lay the band on about one-tliird from 
the end : then strike each end to the exact length of the in¬ 
tended diameter. With a pair of compasses divide the piece; 
which gives the centre or curve line, and bisects the guage 
stroke; strike it with a chlssel, then with a small gouge; by this 
means a groove is made for the hand to work in (care being 
taken not to diminish the size of the diameter.) From the mid¬ 
dle work down each end with a gouge to a round by the eye, or 
with callipers; then take the piece out, and carefully prick 
the second centres, which the guage stroke and curve line 
give: place in the lathe the last pricked centres, and pass the 
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ftiuxid work down with a smi^ filing 

a curVfe lino, i«ilil it 

thoJ^ai dijUDMt^' or, cju^e litie: >ieoe to iHm 

ftMt^#0^^^fh’ ‘m 'large 
hiqavii^ obissel, unj^l' it heeomea flush with tbf aodcMMi emve 
ittky Iheh^ odliriied. ^row kiwi, dnd 

^ *be groooo^llM^^aaid 

piwed in. 

t^ihgef the Sphere by hand, to work the gvowre^ 
be diipensed with, by shifdng the rest to the efpediie 
side, ^d reWrsing Ibb fndt^ ed^he wheel.- 'To ]^rish4he 
remainder, the band Wi3 bn the shrfaee nf the ba^,'if 
atnadie^ by the hahd. 


A Loom to he toorked hp fkettm or WaJkir. 

A loom having been invented, which may be w'rooght by 
steam, water, or any other first mover of machinery, and its 
practical value having been ascertained by an extensive trial, it 
will be interesting and useful in this publication, to show what 
has been accompUshed in this branch of ingenuity, by a record 
of its properties. A plate of any ordinary srae wopld not be 
adapted to shew with clearness the principles and construction 
of this curious machine; but a working model is ip the pos- 
sesklhlb of ipC Society for the Encouragement of Arts» &c. and 
IdWs hbon'.tliis jiliin possess the following advantages* 

W40fl*'Of them may be worked by pne wa^r- 
orStea'm**chgiTtiei ail of which will weave clpth, superior 
id whatis‘*ddftein thecommoh way. . 

They will go St the rate of 60 shoots iit a minij,tp,.p^wo 
'Wffli of a -fibidlttiiidiiBd web io an hour. * : 4 , > i 

I'egbiar timem workmg, St<^ ai^.bdgtp 
ateife, d/rfi^bklt aw'd stop watol^ V ^ >,* 

constantly gmng» at,toe tim,S ,!?» 

when tite weft pn l2to pirns is, done. , 
'-^j^WieWsrali wo knots need tiCjC and never jioto 

place of twn*isld»dh s|fp,.r4qttjsb;e, m thopoiniilph 

shnttle-^BtapB.lin^tbo Wd* 

hod the foom wdl insti||>tly a|op wpr^mg. 

"' 63. 'voi/-."il. ' ' -tt.: , , 
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7. They will weave proportioikaUy slower* «r qeioher* 90 - 
cording to the breadth ancl finality of the web* which may be 
the broadest now made. 

8. They may be mounted with a harness* or spot beadles* 
to weave any oAttem* twilled* striped* &c. 

9. There is Wt one close shed* the same in both breadths* 
and the strain of the working has no effect on the yam behind 
the rods. 

10. The bore and temples always keep the same proper 
distance. 

11. There is no time lost in looming* or cutting out the 
cloth; but it is done while the loom is working* after the first 
time. 

12. The weft is well stretched* and exactly even to the 
fabric required. 

13. Every piece of cloth is measured to a straw’s breadth* 
and marked where to be cut, at any given length. 

14. The loom will work backwards* in case of any accident* 
or of one or more shoots missing. 

15. Every thread is as regular on the yarn beam as in the 
cloth* having no more than two threads in the runner. 

16. If a tmead should appear.too coarse or fine in the web* 
it can be changed* or any stripe altered at pleasure. 

17. They will weave the finest yam more tenderly, and 
regularW* than any weaver can do with his hands and feet. 

18. V^en a thread either of warp or weft breaks in it, the 
loom' will instantly stop* without stopping any other loom* 
and will give warning by the ringing 01 a bell. 

19.. A loom of this kind occupies only the same space as 
a common loom; the expenses of it will be about halt more; 
but this additional expense is more than compensated by the 
various additional machinery employed for preparing the yam 
for the common loom* and which this loom renders entirely 
unnecessary. 

20. The reeling* winding* warping* beaming* looming* 
combing* dressing* fanning* greasing* mowing bore*# shifUi^ 
headles* rods* and temples* which is nearly one-half of the 
weaver’s work* together with the general waste acconmanying 
ffiem* which is about six per cent, of the value of the yam; 
and all which occur in the operations of the common loom* do 
not happen with this loom* which* by its single motion* with¬ 
out former trouble* performs every operation after the spin¬ 
ning, till die making of the cloth be aixomplished; by which, 
independently of the saving of the waste* the expense incurred 
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for reeHng, warpiag, wtndiBg; 8cc. is saved, amounting to 
atmve per eent. of the yam. 

21. The he^les, reed, and brushes, will wear longer than 
ttsual, firom the regularity of their motion. 

22. More than one>half of the workmanshi|^will be saved; 
one weaver and a boy being quite sufficient to manage five 
looms of coarse work, and three or four in fine work. 

The first attempt of the Inventor of the above loom, towards 
constructing such a machine, was made in the year 17B9; at 
which time ne entered a caveat for a patent, but relinquished 
the idea of obtaining one, and afterwards made many improve¬ 
ments upon the original plan. In 1796, a report in its favour 
was maae by the Chamber of Commerce and Manufactures at 
Glasgow; and in 1798, a loom was actually set at work, in 
J. Monteith’s spinning works, at Pollockshaws, four miles 
from Glasgow, which answered so well that a building was 
erected by J. Monteith to hold thirty of the looms, and after¬ 
wards another to hold two hundred. 


Method of weaving Cloth of ej'treniely fine quaiiti/. 

This improved mode of weaving consists in adding more 
thread of the warp within each dent or split of the reed than 
in the common way; for instance, where in the common mode 
there are only two threads in the reed, there are upon this 
plan three or four. 

The weft or shoot is thrown in the common way with a 
singlethread. 

When the cloth is woven and taken out of the loom, it has 
the appearance of being barred or striped, the cane of the reed 
occasioning that part of the cloth struck with it to look thinner, 
owing to the threads of the warp being further apart. 

TTic cloth is then to be wet in water, and in that state to be 
repeatedly stretched across by the hands backwards and for¬ 
wards corner-ways; by this means, the threads which appa¬ 
rently formed the stripe, or close part of the cloth, separate 
from each oth'er, and become diffused at equal distances. The 
appearance of stripes being entirely removed, the cloth 
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o# iiiooiie«iviible fineotMi uid fiXtmMly rtgttkir In 
texture. This operation xnukt in eotton fnbriet be fieinoiMlI 
btffote tlie tloth ^oe» to tbe bleack^ouad. 

Siik ptods, on being tnken out o? the lo<ntt« touet iKi net 
tlid well rubbni* m Ib the coBiinon oiode ef neshhig, ind 
tlien stretched backwards Inid forwards, in the manner ebeee 
directed for cotton goods. 

In silk goods the warp and weft may be both alike ; in cot* 
ton goods the w'eft may be softer, but of the saiBO fineness. 

Fine linen cambrics may be made on this plan, much supe* 
sior to any hitherto made in France. 

Though there are three threads within each dent or split of 
the reed, whilst the cloth is weaving, yet the headles or yeaida 
lift up the threads alternately throughout the whcde breadth 
of the cloth, and there are about 2.>0 shoots in an inch. 

By this improvement, cotton, linen, and silk goods, can b^ 
made much sooner and finer, than hv any method yet disco- 
▼ered. The Inventor of it made a piece of plain silk cloth, 
from hand-thrown silk in the gum, that contained the amaaing 
quantity of 05,63f) meshes in one square inch. 

It is impossible to make a reed half so fine as to weave such 
cloth upon the jiresent principles of weaving; and even if that 
dould be done, no weaver could make use of it; but upon the 
above plan, w'hioh the Inventor asserts he can teach in two 
minutes, as fine cloth may be w oven in a tw'elve hundred reed, 
as by the old mode in a reed of twenty-foiir hundtod, and 
with less rather than more trouble. 


Of the MunQ^fctneut of Fit-tTees. 

The t)uke of Bedford having given orders to havo prooie 
collected, with respimt to the advantage of pnming and ma¬ 
naging his fir-plantations, in the neighbourhood of Woburn, 
the result of the examination very clearly evidenced the aa- 
yant^e of early and dose pruning, and the improfiiiety of 
leaving tiJgiher to the course of nature. 

It will not be questioned, that fir-timber is more valimble 
in proportion as it is fine and strnight^prained, aild sound»but 
when the tree basheen left to the course of nature, the branches 
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of t4e trmnk ocoMioii fr^ueal interraptions of strughtnest of 
grain, and often decaying the miftchief commenetng 

almost at the centre, is con^ued to the circumference of the 
tree, however long it may stand. Nor is the defect of grain, 
or merely a knot, the whole of the evil, but a projecting deiui 
bran^ lets in wet to the heart of the tree, and the part of it 
which is inclosed by the growth of the tree, podnces what 
workmen call a dead knot. But when the branches that cmi 
be dispensed with are cut oif close to the trunk, they are 
inclosed while living, and the knot is small, at the same time 
that the wood is perfectly sound. 

From every authority or observation, there can be no doubt 
tluLt all hrs should be planted thick ; not more than four or 
five feet apart. 

Where firs of the same kind are planted together, there is 
less loss of plants from one sort overgrowing and destroying 
the others; consequently it appears advisable to plant all the 
diderent sorts by themselves. If any admixture be admitted, 
the Scotch and larch may best succeed: but this is nOt cer¬ 
tain, and they will certainly be best separate on two accounts; 
first, because they are not so likely to injure each other; and 
secondly, the larch may be put into the ground best suited to 
it, and the Scotch the same. 

In making plantations of any particular sort, it may be right 
to have a few spruce, or other sorts, on the outside to prevent 
mischief from sudden gusts of wind; but if the situation is 
not subject to such gusts, the spruce had better be omitted, 
being mechanical agents only, and by excluding the sun and 
air they act against the operation of nature. 

In these hints, ornament is not considered; if such be 
wanted, and profit also, then the spruce, larch, silver, and 
some other, may be combined. 

From some years' observations on pruning and the effects 
thereof, it appears certain that fir-trees, at a certain age, 
should be pruned to a certain height; and to regulate this 
operation, the following rule is recommended: pruning 

to commence when the trees arc si* years old, or when there 
is discernable five tier of boughs and the shoot; the three 
lower tier of boughs are then to be taken off. After this first 
pruning, the trees to be let alone for four or five years, ^d 
then, and at every succeeding four or five years, the pruning 
to be repeated, till the stem of the tree be clear to. forty feet 
high; after which, as to pruning, it may he left to nature. 
The rule for the height of pruning, after the first time, to be 
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half the extreme height of the tree, till it attaiBe twenty yeera* 
growth y and after that time, half the height of the tree, and 
aa many feet more aa it U inches in diameter at four feet hwa 
the ground. This pruning is known, from repeated obsenra* 
lions, not to be excessive, and the rule is calculated to check 
the too tapering top, and strengthen the slender hottoio, hy 
cairying me pruning to a greater proportionate degree, in a 
ratio compounded oi the height and bottom bulk; and by 
this rule, it may be observed, that the trees will be at top 
clothed with somewhat less than half their branches. The 
proper time for pruning is between September and April; and 
the tool to be used, the saw. 

Orderly thinning the trees at certain periods is the next 
essential to pruning; and for this purpose observations have 
been made on the most orderly and thriving plantations; and 
the following simple rule is recommended: Keep the distance 
of the trees from each other equal to one-hfth of their height. 
In the application of this rule for thinning, it is evident Uiat 
each individual tree can never be made to comply; for the ori¬ 
ginal distance (even i£ planted in the most regular order) will 
allow only of certain modifications, by taking out every other 
tree, and so on; but even if the obtaining of such equal dis¬ 
tance were practicable, experience would show that another 
way should be preferred, of which the eye must be the judge, 
by taking out such trees as are least thriving, stand nearest 
another good tree, &c. &.C.; at the same time keeping in view 
the rule prescribed. By measuring a chain square, or any 
quantity of land, and counting the trees thereon; then trying 
the height of two or three trees in that Quarter, and taxing 
one-fifth of such distance, it would he readily seen how many 
trees should be contained in the piece measured : or the prac¬ 
tice may more simply be regulated, by taking the distance of 
eight or ten trees added together, the average of which should 
be equal to a fifth of the height of the trees. 

The Author has for years known the expense, and produce 
from trimming only, and finds that in Bedfordshire the pro¬ 
duce doubly repi^s the expense; and though some experi- 
mentists may differ from him, or time may shew some reascm 
for deviating from his rule, yet it is presumed that ail 
will agree that some simple system is advisable, instead of 
having plantations and woods mismanaged, to the great loss 
of the community and the proprietors. 

In the common course of gardening, it is understood that 
pruning invigorates the tree; that trimming off Uie side 
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Imnches makes the upright ones shoot the stronger; and by 
cutting out the dead and decayed wood, the tree » kept ative. 
Some of 41118 doctrine will certainly apply to the tribe of the 
it will certainly substitute clean wood for knots, and of 
all this treatment, from their particular uses, they of all other 
trees stand most in need, and will be most improved by it. 
And should it be admitted that like treatment would on the 
flr, as well as other trees, produce the like effect, it would 
lead to a well-grounded expectation that, as well as producing 
clearness from knots, straightness and length, the same opera¬ 
tion would advance the quality nearer to that of foreign fir: 
for it may be traced, that where trees are tall, and clear of 
boughs or knots, the whole substance of the wood is better 
and of finer grain. The reason may probably be inferred from 
the sap having farther to rise and descend, and having no 
boughs to divert or delay it, the circulation must be more fine 
and rapid, most increase be left in the neighbourhood of the 
boughs at the top of the tree, and least on the sides at the 
lowei part; consequently adding to the length of the bead, and 
rendering more fine each annual increase to the body; thereby 
producing a close-grained, clean, long, and regular, easy- 
tapering piece of timber; instead of a coarse-grained, short, 
sudden-tapering trunk, with a quantity of boughs and knots. 

The foregoing observations and rules are meant to apply to 
fir-timber only, but to a certain degree they may be applied to 
other timber; though by no means to the same extent or age. 
But if applied as far as the first fourteen years of their growth, 
and then the pruning altogether omitted, and the thinning 
out very much increased, any plantation would be rendered 
much more valuable than if left entirely to nature. 


Machine for cutting Roots for Cattle, Articles for Dyers* 
Use, or for culinary Purposes. 

In this machine there are five knives, which are let in an 
iron plate, and the latter is screwed to the working bar. 

The knives are fastened by bolts passing through them, 
close under and above the iron plate. . 

The sliding plate is for the purpose of preventing the meat 
from being scattered; and to this plate are added scrapers. 







wbii^ are eoreared ttiidenieat]i, for the pemae of efeaiiitf 
the knivee at eyeiy stroll 

A i^niig raises the kehrea, and enahles any pesaon to ehop 
at least twenty times as BMich meat in the same time as eaa 
be done by the common mode. 

The length of the knives being equal to the breadth of ike 
trough, no meat can possibly escape the knives, ncsr will the 
meat require so mimh turning as is usually wanted. When it 
does require tumli^, it is easily done by alternately pressing 
the knives at either end of the trough, sliding them towards 
the middle. 

When the meat is sufficiently chopped, the bar to which 
the knives are fixed may be lifted entirely free from the 
eliding plate, by taking pin out of the guide. Indeed the 
whole of the moving apparatus may be turned in any direc¬ 
tion as occasion may require. 

This machine is particularly well calculated for chopping 
■ausageomeat; and though its value in this respect may appear 
inconsiderable, yet the great demand in most towns for that 
article, and the many hands it requires to make the meat fit 
for use, is not generally known. Many of the sausage-makers 
employ four or five men constantly in this business, and fre¬ 
quently three or four hundred-weight of meat is cut up by one 
^nse m a day. 

Tbe machine is also applicable for cutting fat, suet. &c. 
previous to rendering them into tallow'; likewise to chopping 
madder and other roots for caheo-printers, or as used in their 
recent state for dyers; and for dividing potatoes, carrots, and 
sdher esculent roots, for farmers in feeding cattle. 

That this machine is simple, and that the expense of con¬ 
structing it will be moderate, will be admitted on examining 
it as represented in plate XCV, fig. 1. The meat is put into a 
wooden trough AA, which is a segment of a circle; its form 
is more clearly show'n detached at fig. 2. This trough is fixed 
upon a triangular frame, supported by four legs, about the 
hsi^t of a common work-bench. 

A short axis, a, is fitted to the angle of the frame, and is 
the centre from which the circle of the trough is struck; it is 
madeTorked at the top, to form a joint for the.end of the 
lever <B, showm separately at fig. 3,) shaving the five knives. 
if, for chopping the meat, fixed to it. 

.At D are two pieces of wood, through one end of which 
centre pin of the lever B passes, and thus oomieots them 
with the axis n at the other end; they carry a piece of iron 
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plate F, which has five narrow openings made through it to 
receive the five knives fixed on the lever B. This iron plate 
always rests upon the edge of the trough A, and acts so as to 
scrape off the meat, &c. which would otherwise adhere to the 
knives. 

The knives are prevented from rising, so as to be quite 
lifted out of the openingb in the plate F, by iiie wire-pin C, 
put through the small pieces of wood fixed to the pieces of 
wood D. 

A spring / is fixed to the axis a, and presses on the under 
side of the lever B, to raise it up, that the ciionjiing may be 
performed the more speedily, as the hand has only to force 
down, the knives being raised by the spring. 7'he knives are 
worked by the lever continually backwards and forwards, so 
that the article contained in the trougli is in every part ex¬ 
posed to their action. 

'When the knives require irrindiug, any one may be taken 
out by removing two iron [uns. Each knife has two tenons, 
as shown at X, fig. 4, paj^sing through corresponding mortises 
made in a piece of wood fixed under the lever B. The tw-o 
pins pass through those tenons, and thus hold the knives in 
their places. The bottom of the trough A is held in by 
screws, so that it can be taken out and planed flat when worn 
by the action of the knives. 

The perforated jilate F, is shown separately in figs. 5 and 6. 




A Machine for Washing Potatoes, and other esculent 
Roots, for feeding Cattle. 

This machine is show'n in ]>late XCV, fig. 7. The potatoes 
are put into a cylinder or lantern A A, formed of two circular 
boards, and a nniiiber of staves connecting tliein. fc^ix of these 
staves are connected at tlie ends of two pieces of wood, so 
that they can be opened as a door, to put in or take out the 
potatoes. The cylinder turns round in a trough BB, filled 
with water, and supported on four legs. On the end ol the 
axis of the cylinder, two pulleys, one of w hich is show n sepa¬ 
rately at D, are loosely fitted; these are intended tor the 
cylinder to move upon when full of potatoes ; tin v run upon 
a swinging frame EE, which rests on cent resalFF. When 
64. VOL. ij. 3 A 
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the long ends of the frame titt palled down, the other end it . 
raised up, lifting the cylindSl oatod the trough BB; when the 
loi^end of the frame beoe^ds the lowest, the cylinder rolls 
down on its wheels B, till it is Over the hopper or wooden 
funnel G, under which is placed a wheelbarrow or basket to 
receive the clean potatoes. TJhe door of the cylinder is now 
opened, and the contents turned out through the hopper into 
the vessel beneath it. When the frapie is in this situatron, the 
iron rods H, which are jointed to the short ends of tbc le^rs, 
form stops to the farther descent of the frame. 

When fresh quantities < of potatoes are to be washed^ they 
are thrown in at the door of the cylinder, which is then shut 
and kept shut by two small bolts. The end of the frame 
£ is then raised up, so as to n^e the sliort end the lowest, 
and the cylinder runs down on its wheels D over the trough 
B, till it 18 stopped by two iron prongs fixed on the end of 
the frame E; the cylinder is then suffered to fall down into 
the trough, and the potatoes, &c. are washed by tuniing it 
round by its handle K ; <r is a plug tip let out the foul water. 

Any person who has seen the laborious and imperfect mode 
of w'ashing potatoes in a tub, as practised in London, will be 
convinced of the utility of this machine, not only for expedi¬ 
tion, but for preserving the potatoes from being injured by 
bruises, and from being water-soaked and spoiled, by too 
long an immersion in water. 

With one of these machines, a man, and a boy ten years 
old, will wash, with great facility, twenty bushels of potatoes 
in an hour, or a man a|one will do half the quantity. If the 
soil should be particularly adhesive, the heaus of a cbnple of 
old heath or birch brooms, put into the cylinder, will effec¬ 
tually disengage it from the eyes of the potatoes; and as the 
dirt separates, it falls to the bottom of the water in the vessel 
under the cylinder. 
































CLASS IlL-'itURAL AND DOMESTIC ECONOMY, ko. 


m 


TmTj mpmiim to prwMt tit of dftort ever earpttM, 


Method of preventing Doors from dragging on Carpets. 

By means of this invention, the current of cold air whicli 
enters under doors that are not close to the carpets under¬ 
neath them, may be eifectually prevented, at the same time 
that the door, when opened, will pass over the carpet with 
ease; ^e necessity for.screw-rising hinges is obviated, and 
less expense incurred than for other contrivances to effect 
the same purpose. A slip of well-seasoned beech-wood, 
equal in lengUi to the width of the door, one inch and a 
quartfer wide, and half an inch thick, is covered with green 
cloth on the inside, and hung to the bottom of the door with 
three small brass hinges; it is drawn up by a concealed spring 
as the door opens, and is forced down when the door shuts, 
by one end of it, which is semicircular, pressing upon a con¬ 
cave semicircular piece of hard beech-wood, fastened at the 
bottom of the door-case, and which holds it down close^ to 
the floor or carpet, so as to exclude the air from entering 
under it. 

The door to which this invention is to be applied, must be 
cut away, so that it may be about an inch and a quarter above 
the floor; this allows sufficient room for the door to open over 
any carpet, a b d e, figs. 2 and 3, plate XCVII, exhibit a sec¬ 
tion of the slip of wood, by which the opening thus made 
under the door is to be closed. 

Fig. 1, is a perspective view of the bottom of the door, 
with the invention annexed to it. 

Fig. 2, is a section across the door when closed. 

Fig. 3, is a view of the edge of the door when open.- 

Fig. 4, is a section supposed to be made by cutting the 

door in two parts, edgeways. ^ 

The hinges on which the slip turns are fixed to the edge. 
In fit^s. 2 and 3, from a to 6 is exactly one inch and a quarter, 
so tEat when the ruler is turned down upon the hinges, it 
reaches the floor AA, as in fig. 2; in the other direction, a d, 
it is much less, 1i>6ing only hslf sn inchf so tust wlien it is 
turned up under the door, as in fig. 3, it leaves three quarters 
of an inch clear of the floor. 

It now remains to show how the ruler is turned up or dowm 
It has always a tendency to rise up into the^ state of fig. 3, 
by the action of a steel wire-spring, shown in figs 2 and 4, 
which is concealed in a rebate cut in the bottom of the dom. 
One end of the wire is screwed fhst to the door at j, the other 
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is inserted into an eye fastened into the slip at to throw it down 
into the position of fip^.2 and 4. The end A, 6*5*4, of the slip 
fartliest lirom the hinjjes of the door, is cut into a semicircle, 
as seen in fi-. 3. When the door is just closed, this semicircle 
is received into a fixed concave semicircle k, fig. 3, cut in the 
end of a piece of wood k /, made fast to the door-case ; the 
end ml, fig. 3, represents the plane of the door when shut, 
and p p, part of the door seen edgeways. As the door in 
shutting moves from p to ni, the semicircular end of the slip 
a bde, presses against the end of the piece k /; and as the 
door proceeds, it turns down as in fig. *2, so that by the time 
the door is shut, the slip is turned quite down. The edge 
e 6 of the slip is cut into a segment of a circle struck from 
the hinges on which it turns. 

The perspective view in fig. 1, shows that this contrivance, 
applied to any door, will not olfend the eye, as it can scarcely 
be distinguished from an ordinary door. In fig. 1, A show’s 
the concave semicircle of the piece of wood fastened to the 
door-case, in which the semicircular end of the slip « is to 
be received. 


An Instrument called a Trocar ami Canula, for dis¬ 
charging the Air from the Stomachs of Hattie that have 
been overfed with moist Clover-grass, 

When cattle have been overfed upon moist clover-grass, 
their stomachs become distended by the air extricated from 
the grass they have taken, and in thi.s state they are said to 
be gorged or noven; and where speedy relief is not admini.s- 
tered, great numbers of them perish. The instrument for per¬ 
forming the operation by which this complaint may be 
removed, is an adaptation of the trocar or canula used by sur¬ 
geons, and in every instance in which it has been tried, it has 
proved a safdj easy, and effectual remedy. 

The method oi using the trocar, is to penetrate w’ith it, 
through the hide of the beast, to the paunch on the near side, 
about six inches from the backbone, at an equal distance from 
the last rib and from the hip bone: then to withdraw the 
trocar, and to leave the canuia in the wound, until the air 
which the paunch contained has escaped. The canula may 
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then be taken out^^nd the wound covered witn a plaster of 
common pitch, spread on brown paper, about the size of a 
crown piece. All the danger incidental to the common mode 
of stabbing with the knife is effectually prevented, by the 
canula being left in the incision when the trocar is withdrawn. 
A feeding ox will thrive as well after the opeiation as if it 
had never been affected by the disorder. Cows in calf are in 
no danger from its use; and it has been found particularly 
beneficial in preserving rearing calves, and young cattle, 
when afflicted with this disorder, which has heretofore been 
fatal to great numbers of them. 

The small expense of the instrument, its portability, the 
ease with which it can be used by an individual, its safety 
and efficacy in use, will doubtless* recommend it to general 
adoption. It is represented in plate XCVH. figs. 5 to 8. 

Fig. 5 shows the instrument complete. The blade of the 
trocar, *a a, fig. 8, is of steel, fixed in a wooden handle b b. 
The shape of ilie blade of the trocar is elliptical, as shown in 
the I nd view of the canula, fig. 7. The canula, or sheath e e, 
figs. 5 and 6, is an elliptical tube, which exactly fits the blade 
of the trocar; / /’is a concave circular plate, fixed at the end 
of the canula,‘forming a hilt, to prevent the instrument from 
giving too deep a w’ound when used: the end g of the canula 
is formed with a sharp edge, that it may not obstruct the pas¬ 
sage of the instrument. The figures are on a scale of one 
inch to two inches and a half; in figs. 6 and 6 the trocar and 
canula are shown edgeways, or in the shortest diameter of the 
ellipse; in fig. 8, the trocar is shown flat, or presents to the 
eye its longest transverse diameter. 


A swivel-headed Churn-Staffs to facilitate the making of 

Butter. 

The improved churn diminishes the labour of%huming in a 
much greater degree than could be supposed, from a slight 
view of its simplicity and apparently inconsiderable deviation 
from the common enurn-staff; but it passes with much more 
ease through the cream, and must be worked more slowly 
than the common churn-staff, or it will be found to chum 
the cream too fast. 











a post* 
|» of the 


Fig. 11, plate a .lection of^# 

tion for working, and figs, d and 10 are email 
head of the chum-ataff. 

In fig. 11, FG is the lid of the chum, KL, the staff, and HI 
the wings or beaters. It is only the part HI which differs 
from the copunon churn; it consists of four wings or jR^nes, 
MNOP, fig. f/fiini^fiired togetheri Wiiia 
pin driyen into the end of the churn-staff. Tne’ffl^^art of 
each yane is cut, so as to* be inclined to the plane on which 
all four lie, in the same manner as the sails of a windmill, and 
which is fiilly shown by figs. 9 and 10. When the beater is 
moved up and down through the cream, its action upon the 
oblique vane causes it to turn round upon the pin above men¬ 
tioned as a centre. 

• In fig. 11, 0 is a small bolt sliding in a groove made in the 
chum-staff KL; its end enters a hole 6, fig. 9, nukdo m one of 
the vanes; when this bolt is pushed down, ^ pre#nts the 
vanes from turning round, for the purpose of ^ilsIliDting the 
butter together at top of the butter-milk, wnen idle churn¬ 
ing is finished^ 

The Inventor fried the effects of the beaters in nymriety of 
forms: with sin wings the labour was less relieted; and the 
same effect fdfliowed the giving of less bevel to the ends of 
the wings; with more bevel, the #ings passed d^rough the 
creato'Jwllhout producing the proper effect. Bnfierience 
evinced that it is best to have four wings firoift 'six to seven 
tlifdies in length from the centre, according to the size of the 
ciluin, from two and a half to three inches in breadth, ma^?, 
in the centre or middle, about the fourth part 
mgth, and then regularly bevelled off, so that the 
jptot ibaU form an angle of about 45 degrees with tbkMiA 
middle. The plane part acts with its usual 
/d|o,middle of the body of the milk; and the points 
eij^dly round, give a compotockd alternating motio y^| , fiK 
without in the least sashing or JR 

as in the common modb. 

a, fig. H, whfaAiiwefi 
whibt tfee bnttcr.'H 

n^^^iw-bS'indeofwood. ' -.u,. . 
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Method of preserving Fruit without Sugar. 

The utility of preserving the fruit produced by our gardens 
and orchards, is well known and acknowledged , but the ex¬ 
pense of sugar, purchased and used at the same time as the 
fruit, is so considerable as to prevent many families from 
availing themselves of this provision for the less bountiful 
season of the year, to the extent they could wish; and in 
plentiful years, much fruit is on this account almost thrown 
away. The following successful method of preserving fruit 
w'ithout sugar, and so as to preserve the natural flavours of 
the different kinds, wdll, it is therefore presumed, be exten¬ 
sively adopted in proportion as it becomes known. 

PEOCESS. 

n 

The bottles to be used for small fruit, such as gooseberries, 
currants, cherries, and raspberries, may be selected from the 
widest necked of those used for wine or porter, as bottles of 
this description may be procured at a mu<m cheaper rate than 
what are generally called gooseberry bottles. Having in the 
first place had t{iem properly cleaned, and the fruit, which 
should not be too ripe, being ready picked, fill with the fruit 
as many of them as ar# to be done* at the same time, till they 
will hold no more, allowing for the depth to w'hich the cork 
will reach; and in filling, the bottles should frequently be 
shaken, to make the fruit lie close. When filled, put a cork 
into each bottle, but only with a light pressure, and then pro¬ 
ceed to scald the fruit. This operation may be performed 
over a slow fire, either in a copper, or large kettle, or sauce¬ 
pan, first putting a coarse clotn of any sort at the bottom of 
the vessel used, to prevent the heat of tlie fire from cracking 
the bottles. The copper must be filled with cold water to 
such a depth as will nearly cover the bottles, which must 
be put into the water rather in a slanting direction till they 
reach the bottom, in order to expel the air that might other¬ 
wise lodge in the cavity at the bottom of them. 

The bottles should not touch the^ bottom or sides of the 
copper, ds that circumstance might occasion their bursting. 
The heat of the fire should be such as gradually to raise the 
water in the copper to the temperature of 160 or 170 degrees 
by a brewing thermometer, in the course of about three quar- 
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ten of an hour. For iHmt of an instrument of this kind, the 
pro]^r temperature may be determined by a finger, to which 
It will feel Tery hot, but will not scald, if the water in the 
copper shoulcf become too hot, a little cold water must be 
added to it; and when it has acquired the proper degree of 
heat, it must be kept at it as steadily as possible, for about 
an hour, but not longer, as a greater heat, or a longer time, 
is liable to crack the fruit. 

As soon as the fruit is properly scalded, take the bottles, 
one at a time, out of the copper, and fill them up, to within 
an inch of the place to which ttie cork will reach, wdth’boiling 
water, kept in readiness for the purpose, and which may be 
very conveniently poured into them from a tea-kettle. Cork 
them immediately, pressing the corks down gradually, but 
making them very tight. In driving the corks, the bottles 
must not be shaken, as that might cause the hot water to 
break them. 

When the bottles are corked, lay them on their side, which 
will cause the corks to swell, and prevent the air from escap¬ 
ing.' When cold, they may be removed to any convenient 
place, always observing to let them he on their side, until 
required for use. During the first month or two, it is neces¬ 
sary to turn the bottles a little round once or twice a week, 
to prevent the fermentation that will arise in some fruits from 
forming into a crust; the turning of the bottles keeps the 
fibit moist with water, and no mouM will ever take place. 
After the first tw'o months, it will be quite sufficient to turn 
the bottles a little round once or twice a month. 

In getting out the fruit, the inconvenience which is apt to 
attend the use of narrow-necked bottles* may be obviatea, by 
employing a bent wire, or small iron meat<«kewer, the liquor 
being first poured out into a basin. As this liquor is strongly 
inq>r^imied with the virtues of the fruit, it is very suitable 
for putting into pies, tarts, or puddings, instead of water, and 
when boiled up with a little sugar, it forms a very rich and 
•ipgreeable syrup. 

There is reason to believe, that fruit thus prepared might 
vtith great advantage be rendered an article oi store for snip¬ 
ping and ; if this should be attempted, it would 

oe easy tci increase the facility preparing large quantities, 
and.p^phabiy the best Wthoa of heating great nhmhers of 
bottk^ at once, would be by means of steam 
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Machine for I'aising large Stones out of the Earth. 

Tlie clearintj of land from large stones gen*^»-ally proves a 
very expensive undertaking, from the time required to remove 
the earth surrounding them, and the number of men who must 
be in readiness to raise them as soon as this is accomplished, 
unless blasting be resorted to, which requires fewer hands, but 
is not on the whole less expensive. By the machine described 
in this article, no digging away of the earth is required, no 
blasting is employed, and two men will take as many stones out 
of the ground in one day, as would require twelve men, in the 
ordinary modes of procedure; and when the stones are from 
two to four tons each in weight, two men will raise as many 
as twenty in the usual way. Stones of four tons weight or 
upwards may be raised out of the earth in the space of five or 
ten minutes, by two men, without any previous digging or 
removal of the soil. 

The machine, in its general construction, resembles those 
used by masons, 1‘ur raising the stones used in building, and the 
tackle is similar to theirs, for exerting the necessary power. 
But the means bv which the tackle is fastened, is the simplest 
and most easily applied that can be imagined, consisting merely 
of a cylindrical iron plug, wliich is driven into a hole made in 
the stone to be raised. 

In fig. 1, ])late XCV'III, K shows the upper part of a stone 
nearly buried in the earth, having a hole made in it three inches 
and a half deep, and one inch in diameter, by means of a miner’s 
jumper: the cylindrical tail of the plug a, (figs. 2, 3, and 4,) 
which is of the same size, is driven fast into it, by means of a 
hammer applied upon the head of the plug at G. This plug, in 
its whole length, is nine inches, and has a hole made in its broad 
part H, through which the oval iron ring B passes easily, and 
on which the plug can move backwards and forwards, when 
the ring is hung upon the hook of the lower pulley of the lifting 
tackle. 

CCCC, represents the four legs or framework of the qua¬ 
drangle; D, a five-fold tackle, with blocks ten inches in 
diameter; E, a roller seven inches in diameter, turned by two 
long iron levers b b. . . 

The handle I is used as a safeguard, and to assist in regff 
lating the power of the levers. 

55. VOL. II. 3 B 
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In fig. 1, the plug Alia shown fixed in a stone K, ready 
to draw it out of the ground, by means of the lifting tackle. 

The hinder legs of the quadrangle are made to close in 
between the fore-legs, for the convenience of carriage. 


J. C. Curwen, M. P. bears ample testimony to the ease with 
which the largest stones are lifted up by this machine, with 
which he had seen four men lift a stone of five tons. Thei'e is 
BO difficulty in cutting the stone to receive the plug ; the only 
care is not to make the hoh* too large. It is not easy to explain 
the theory' of the action of the plug; the least stroke laterally 
disengages the stone. In many situations the machine is likely 
to be of great use, not only in drawing stones out of the ground, 
but in making weirs and embankments, where the stones are 
only to be lifted a moderate height. He exhibited it to numbers 
of persons, who could not believe its power till they saw it tried- 
One of his farmers in Westmoreland had made great use of one, 
and spoke of it in high terms. He is convinced of its power 
to raise any stone not exceeding five tons in weight, and it is 
generally of importance to pre.serve large stones entire. Adding 
wheels to the machine, or having it upon a sledge, would mate¬ 
rially save time and trouble in removing it. He purposed the 
following summer to employ it in lifting the large stones for 
making an embankment against the sea. He does not consider 
it advisable to employ the plug of this machine for soft stones, 
nor to raise the stones employed in buildings, because of its 
being so easily disengaged by any lateral blow. 

Robert Wright, of ftose Gill Hall, near Shap, Westmore- 
lapd, having been requested to give his opinion of the utility of 
the plan of raising stones by this machine, stated, that the plug 
he used was about six inches lou", and one inch and a quarter 
in diameter; it required a hole of its own size, only two inches 
deep. The pliig is to be driven in a little short of the bottom, 
and will raise a stone of six or eight tons, with the assistance, 
of three men, in the course often minutes after the hole is 
prepared* H,e% believed that threa men, with this machine, 
would clear the ground of lar^ stones in less time, and more 
effiectuafly, then twelve men by any other method within his 
knowledge. The plug should be made of good beaten iron. 
The simplicity and cneapnes§ of the whole apparatus was a 
object, as a good plug of the 8i^,e used by nim, will oply 
cost two shillings and sixpence* 
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The possessor of a machine, of above description, may 
occasionally wish to extend its use to the raising of stones con* 
siderably above the level of the ground, without incurring the 
risk of accidents which might dislodge the stones from the 
simple plug: he may also wish to raise large stones of a soft 
texture, such as most descriptions of sandstone, in which the 
simple plug could not be wedged sufficiently tight. In these 
cases, tne compound plug, fig. 6, may be employed, and will 
be found effectually to answer the purpose intended. It consists 
of three bars of iron, a ^ c, joined together hf a bolt d, passing 
through them. The stone to be raised must have a hole made 
in it, nearly of a dove-tail shape, and correspondent to that of 
the lower part of the three bars when united. To get these 
bars into the situation cut for them in the stone, they must be 
separated by unscrew ing the nut e, and taking out the bolt 
the two outside bars a b must then be put into the hole, after 
which the middle one, r, may be thrust down between them; 
the bolt d being put through them, and the nut e screwed on, 
they have all the effect of one bar, dovetailed into the stone, the 
liftmg of which is thus rendered perfectly certain and secure. 
In ordinary cases it is not requisite to use the nut on*the end 
of (he bolt, which, w-hcn in its place and in use, is not liable 
to be disengaged. 

w w 


Improval Tram-plates, for Carriages on Rail Roads. 

The method of laying rails or tram-plates, described in this 
essay, has received the entire approbation of professional men, 
experienced in the practice it is designed to improve. Rail-roads 
are daily increasing, from the great advantage they afford to those 
manufactories connected with mines and minerals, particularly 
to collieries. They also promote agriculture, by occasioning 
lime to be brought from places almost inaccessible by any other 
means, or from whence it could not be otherwise brought on 
moderate terms. If ever any one mode of conveyance super¬ 
sede all others, it seems most likely to be effected by the 
perfection of the rail-road system, a system which i^ already 
80 valuable, that every invention directly tending to advance 
it is of national importance. 

The new tram-plates, represented by figs. 6 and 7, plate 
XCVII, are fastened by means of a tenon and mortise AB, 
each having a correspondent bevel, just sufficient to keep the 
end from rising up, so that the head of one plate confines ihs 
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end of the other; by this means, the workmen'are obliged to 
form their road in right lines, and maintain perfect levels, as 
the mortise and tenon confines them to the exactness required 
for a perfect road. Curves, or any given segment, may be 
formed with the same nicety, by having two bevel rails or plates 
made for such purposes. 

Fig. 7. a side view or longitudinal section of the two plates 
placed on their stone blocks or sleepers £FG, showing three 
plugs in dotted lines, two bevelled, the other perpenaicular, 
cast in the stop nCil or plate, which is so called as it prevents the 
other from moving, and when taken up releases all those be- 
tw'een the stop plates: twenty-five yards of rail-road, made 
with these plates, may be taken up and replaced within ten 
minutes. The plugs in dotted lines are shown in their proper 
positions within the sleepers EFG. 

The usual length of a tram-plate is three feet; the flanch or 
outside edge H, about one incn and a half high; the sole or 
bed 1, from three inches and a half to four inches broad, and 
three-fourths of an inch thick ; but these dimensions may be 
varied according to circumstances. The most approved weight 
has be€(b 14 pounds to the foot, or 42 pounds to the plate. 
The ends from which the plugs project, and to which the tenons 
and mortises fasten, should oe one-fburth of an inch thicker 
than the other part of the plate. 

Fig. 8, AB show the under part of the tenon and mortise, 
and the form of one of the sloping or bevel plugs. 

The diameter of the plug near the shoulder is one inch and 
three quarters, reducing to one inch; its length two inches and 
a half, forming an angle of eight degrees ; the plate from which 
it projects is countersunk, so that the shoulder of the plug may 
not receive any sharo pressure, or prevent the plate from having 
a perfect beanng. There is a small groove in the whole length 
of the exterior of each plug, to admit a wire to pass to its 
extremity, to draw the plug out, if broken by any accident; 
also to admit the expansion of water, in case of severe frost. 

The blocks or sleepers EFG, on which the tram-plates are 
placed, should by no means be less than 120 pounds each in 
weight, but shoul'^ be heavier on some kinds of ground : the 
depth of the hole for the plug should be three inches, and worked 
according to the inclination of the plug, for which purpose the 
stone-mason should have a standard cast-iron gauge; there 
should be projections, K, cast with the flanch or outside edge 
of the tram-plate, as shown at fig. 6, te make the plates lie 
firmly on their sleepers. 
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Figc 9, is the section of one of the ends of a tram-plate, in 
which H shows the flanch or upright edge; I the flat part or 
sole on which the wheels of the waggons run; D one of the 

f »lugs; K the projection behind the flanch to make the plate 
ie firmly on the blocks. 

The advantage of laying plates on the above principle is 
obvious: the blocks, once put in their places, never sink below 
their intended level, the act of driving either nail or plug (which 
requires a con.siderable degree of force, and frequently destroys 
the level of the road) being here unnecessary. In the common 
mode of making rail-roads, from the irregularity of nails, 
particularly in forming their heads, few can be driven exactly 
even with the plate; and if this be not done, they are per¬ 
petually obstructing the passage of the waggon ; the workmen 
frequently not proportioning their holes and plugs to the hole 
in the block, also occasions considerable breakage; the exer¬ 
tion necessary to fix a rail or plate completely, is great, and 
numbers of plates, particularly when the iron is short or brittle, 
are broken near the mortises by missing the stroke of the 
hammer. 


ADNANTAGE GAINED IN LAYING THE NEW TRAM-PLATES, 
IN COMPARISON WITH OTHER MODES. 


Nails used in a mile, 3520 of 3 in the pound, i 

at 4d. per lb.j 

Nails lost or defective, computed at per mile.... 

Plugs with their loss. 

Breakage of rails, average from experience.... 
Lessened labour of block-laying, calculated at) 

only 2d. per yard .. 

Breakage of blocks... . 


£. «. d. 

19 11 0 

1 0 0 

6 5 0 

7 10 0 

14 13 4 
1 0 0 


Saving in the first cost per 


mile..£49 19 4 


This calculation does not take in the annual loss of nails, 
oy theft or otherwise, and breaking of blocks, or the saving of 
the new plan would appear still m<Jte considerable. 

Inlaying down arail-road,a stop rail,havinga perpendicular 
plug, as H, fig. 9, should be placed at every thirty yards, in 
which distance repairs may be made in ten minutes, that in the 
common way frequently require twice that time, exclusive of 
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disturbing in some measure the line of road. All the neyr tram- 
plates have a certain degree of play, which is absolutely neces¬ 
sary, to obviate the breakage that occurs when they are fixed 
with nails and plugs. 

It may be proper to remark, that the improved tram-plates 
are cast with as much facility us any other which have hitherto 
been used. 


TV/c 3 foie-plough for the tcmjmrary Draining of Land. 

It frequently happens that lands are too wet except at 
particular times of the year, or when to be applied for particular 
purposes, or in season.^ unusually rainy. Sucii lands are almost 
of equal value with those most favourably situated, ifwhen found 
too wet, they are drained expeditiously, cheaply, and without 
materially breaking the surface; aiKl this may lu* done very 
effectually by means of the plough dfjscrioed in this article. 

This machine receives the nanie of nicle-plough, because it 
hollows the earth, with scarcely any perceptible trace upon 
the surface. 

A, plate XCVIII, fig. 10, the handle, for only one is used, 
mortised into the beam at b. 

CC, the beam. 

D, the coulter, held fast, in the usual manner, by wedges. 

E, the cone or mole, of cast iron, having an upright piece 
of bar iron fastened to it, which passing through the beam at 
f, is tightened by wedges; and the pin g being put through one 
of the holes in the upright bar, serves to regulate the depth of 
the cavity below the surface of the land. 

H, the copsS, by which the cattle draw. 

Previous to this plough being shown to the Sociely of 
vAftMr &c* it had been used for three years in Sutton Park, 
for John Webbe Weston, esq^. and had been found to answer 
, overy purpose of underground draining, without breaking the 
.mrface any further than by drawing along a thin coulter, the 
mark of which disappears in a few days. A man and a hoy, 
with four horses, may drain thirty acres in a day, provided there 
M an open grip or ditch cut at the lower side of the ground to 
be thus drained, in order to receive the water from those small 
cavities which the plough forms in the ground, at the depth of 
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twelve inches or more. The method of using it is, to go down 
and up, at the distance of fifteen, twenty, or thirty feet, as the 
land may require. This applies equally to grass land, to turnip 
ground where it is too wet for the sheep to be fed off, and 
to land that is too wet to sow ; it remedies the evil in a very 
short time, provided there is some declivity in the ground. 
The best time for the operation, in grass land, is in October 
or November, when the land has received moisture enough 
for the plough to work, aud not so much as to injure the land, 
or render it soft. 

.1. W, Weston, of Sutton Place, in a letter to the Society 
of Arts, &c, observes, that too much cannot be said in com¬ 
mendation of the mole-plough, for the purpose of temporary 
draining, where that operation is useful, as is the case with 
great part of his grass land, which is on a declivity, and is too 
wet only in the autumn and winter, after great falls of rain and 
snow. Being free from land springs, he conceived it improper 
to be underdrained in the usual way, as thereby the moisture 
necessary for its producing a crop of grass would be carried off 
equally at all seasons. The soil is very light, but not sandy, to 
the depth of from nine to eighteen inches, or more; and under¬ 
neath is a strong clay, whmh renders the ground absolutely 
poachy in winter: but, from the use of this instrument, the 
ground on which a man could not w'alk, will, in the course of 
forty-eight hours, be enabled to carry any cattle. From ten to 
twenty acres may easily be drained in one day, by a single team, 
which makes the expense trifling, though it should be required 
every year. The drains made by the plough should be in direct 
lines, at from ten to twenty feet apart, and all vent themselves 
into an open furrow or grip, at the bottom. The price of the 
plough, complete, is about two guineas. 

Edmund Boehm, of Burwood Park, remarks, that the mole- 
plough is so contrived, that it makes the drains at tbe depth of 
one foot to eighteen inches ; the bore, two inches and a half in 
diameter. Upon a stift'clay soil,he used six horses,but thought, 
from the ease with which they worked it, that four would be 
fully sufficient. He afterwards found, that on light land, and 
the drain fourteen inches deep, he had no difficulty in working 
the plough with two oxen and three horses; but on strong clays, 
he tound the work sufficient for four horses and two oxen, 
although the depth was reduced two inches. The drains he had 
drawn on low'wet lands and clay, ran instantly after the plough; 
on lands he generally made tlie drains about twenty feet 
asunder, which he found to produce great firmness and dryness. 
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Except m very heavy land, four oxen would be sufficient, and 
fully equal to two oxen and three horses, as oxen stop, and 
draw much better by themselves. 


Machine to secure Persons attempting Depredations^ 
without affecting their Limbs; with an Earth Screw^ 
for fastening it to the Groufid, for supporting a Sur¬ 
veying Staff S^'c. 

To those who live in the country, it is needless to explain 
the frequency of petty depredations committed on gardens, 
orchards, &,c. and which are sometimes very vexatious. Few 
persons would like to endanger the life or limb of the depredator 
by setting the common steel man-trap, yet it is presumed that 
there are but very few who would not wish to detect the offender. 
The instrument described in this paper is for the purpose of 
catching and holding the person w ithout injury.* At the Agri¬ 
cultural Meeting at Woburn, in the summer of the year 1808, 
an ingenious invention for a similar purpose was produced by 
Sir Tneophilus Biddulph ; it consisted of a w'ooden box, con¬ 
taining two springs in iron barrels, and two chains passing over 
and round them ; when this was set, the chains were withdrawn 
from round the barrels, and extended to a certain distance. 
A trigger kept the trap from closing ; the whole was covered 
over with thin iron plates, and if a person set his foot on those 
plates,his leg dropped into the box,and the chains closed round 
It, and held his leg; but as the box was about three feet square 
and a foot deep, it was requisite that it should, at setting, be 
let into the ground, which would be a work of considerable 
labour, and when done, it would be difficult to dispose of the 
stuff from the hole, or to conceal the trap; and as the whole 


* An inatrnment of thu nature ii entitled to partionUr attention, aa aone recent 
deetaiona of conrta of juatiee, together with the opioioh of eminent oonoael, tend to 
eatabliah the opinion, that it ia ni^awfal for a peraon to aet, eren on hia own ground, 
ujr inatnunent or machine which maj endanger the life or limb of another. For an 
ii\)nrj auatained bj a boj, from the diaoharge of a apring goa, £1R0 damagea wm 
•warded by the fiuj at Um Warwick Aaaina, under the direction, of the proaiding 
judge. 
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apparatus was cumbersome and expensive, it was more usefu4 
in design than applicable to practice. It is mentioned here, as 
having suggested the idea of attaining the same object by simpler 
means, and to show the difference between it and the invention 
described below. 

To set the man-trap, represented in plate XCiX, it is only 
necessary that -the two keys be withdrawn, and that it be 
covered with a few leaves or mould. A piece of a chain, and 
a screw to be screwed into the ground, are attached to the trap, 
to prevent its being carried away ; but against any person who 
may be caught, such a precaution is scarcely necessary, as the 
jaws of the trap close so fast on the leg, that no person who 
may be cauglit can drag the trap far without great pain, and will 
coiiseqjiently be glad to stand still and call out for relief. 

In plate XCIX, fig. 1, is a perspective view of the machine. 
ABC is a frame of wrought iron, about 18 inches square ; it 
has an eve projecting from it to receive a short chain, the other 
end of which is fastened to an iron screw, shown separately 
at D, screwed into the earth by the key or handle E; this screw 
is about fourteen inches long, and when screwed into hard 
ground, will hold so firmly, that there is no danger of its being 
drawn out, even by two or'three men, and having a small square 
end, it cannot be turned without the key or handle E, so that 
an offender would find it extremely difficult to remove the trap. 

e ej’ cr. Are tw'o iron frames moving on centres in the frame 
ABC ; these frames have a constant tendency to close to¬ 
gether, by means of two springs p p, fixed in the frame AB, 
and acting against pins projecting from the upright sides of the 
moveable frame e e. 

k k, Ark two small iron rods jointed to the upper rod of the 
moveable frame g, and passing through small locks I /, fixed to 
the other frame/. These locks contain clicks, which are 
pressed by springs into the teeth upon the rods k k, so as to 
prevent the two bars of g from being drawn asunder when they 
have been closed by means of the springs p p. The internal 
mechanism of the locks is shown on a larger scale at LM, 
figures 2, 3; one side of the lock is supposed to be removed, 
to exhibit its interior parts; k represents the rack, or that part 
of the rod which is cut into teeth; r is the click, which engages 
the teeth of the rack, and prevents its being drawn through 
the lock. The click is pressed against the teeth of the rack 
by a spring, which is plainly seen in fig. 2. The locks are 
attached to the ends of the bar/ of the moveable frame, by the 
'!>ar passing through the locks, and when the lids are riveted 
66. voL. H. 3 C 
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on, is confined in such a manner that it cannot be got out. 
To open the bars f g, and draw the clicks back from the teeth 
of the racks, two methods have been adopted; one of them is 
represented at M, fig. 3; a small key or screw S is put down 
through a hole in the lid of the lock, and is received into a 
hole tapped with a screw in the click: by turning the screw, 
the click is lifted out of the teeth of the rack, so that the 
moving frames/ g can be opened apart from each other, till 
they lie flat upon the frame AB. Tlie iron cross m is then put 
between the two rods J g, the screw S is to be withdra>vn from 
the locks, and the trap is set for use. If an oft'ender should 
place his foot within the square of the frame, he would tread 
down the cross m, and having thus removed the obstruction, 
the two frames, e e f g, are closed together by the springs p p, 
so that the bars of g inclose his leg, and the clicks in the locks 
prevent the bars from being opened without the screw S. 

In some of these machines, the locks are made like L, fig. 2, 
where a common key is to be introduced, and when turned 
round, catches the tail of the click ; wards may be employed 
to prevent the use of a false key, though no wards are shown 
in the plate. 

Part of the screw D, for securing the trap from being carried 
away by depredators, is shown on a larger scale at N, in order 
that the peculiar form of its threads, which fix it firmly in the 
earth, may be better seen. It is particularly well adapted to 
the usual mode of driving in an iron point or stake. It would 
be serviceable in fastening horses at grass, and may be em¬ 
ployed in fixing cross-stafts and other surveying instruments 
with great advantage; when moved and loosened by an acci¬ 
dent, a turn of the screw will again fix it; and it may also be 
■crewed into the ground, with an instrument upon it which the 
act of driving would spoil. 
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Improved Method of constructing Guide Posts. 

Few persons have travelled much, except in stage-coaches 
or other public vehicles, who have not felt the Inconvenience 
of imperfect direction posts. How often does the jaded tra¬ 
veller, in a part of the country with which he is not acquainted, 
look with eagerness for the junction of different roads, where 
he may expect to find a guide of this description, and when 
he draws near one, he finds it mutilated, or the letters rendered 
illegible by the disregarded ravages of the weather? Thus 
bereaved of an assistance, the want of which is often keenly 
felt, he has no alternative but that of proceeding dejectedly 
onwards in the path of conjecture, at the risk of missing his 
destination, and of losing time, which may be of the utmost 
importance. 

Another, though smaller disadvantage of ordinary guide 
posts, is, that they are not calculated to be read at night, and, 
except extremely well painted, it soon becomes difficult to 
read them in the dusk of the evening. 

To remedy these inconveniences is the object of the present 
invention. Iron is employed as the most durable material. 
Figs. 4 and 5, plate XCIX, exhibit two different forms in which 
the new hand-post may be constructed ; in the former, two lines 
of letters are placed one above the other, and included in a 
square cast-iron frame, placed on the top of the post or stem; 
the whole is made of cast-iron, the letters consist of small bars 
with spaces between.them, open, so that the light may be seen 
through them, by which means the characters of this hand-post 
will be legible at night, by viewing them against the sky, un¬ 
less it should be exceedingly dark. The direction of the road 
is denoted by the manner of disposing the letters; thus in fig. 
4, the letters of the word LOXDON are reversed, to denote 
that the direction of London is to the left hand; the word 
WINDSOR in the line beneath is not reversed, as that town 
must be understood to lie to the right hand: the number of 
miles to each place is shown by figures placed beneath each 
word, as in these examples. 

In fig. 5 is shown a hand-post very nearly of the common 
form, but made in cast-iron with open work ; it has two arms 
which project from the opposite side of the post, and therefore 
show at once the direction of their respective towns; the dis¬ 
tances in miles are denoted by figures likewise in open work 
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placed in the brackets beneath, and which also serve to 
strengthen the arras at their junction with the post. 

Hand-posts of this description would not be expensive, if 
an iron-founder were to establish a manufactory of them ; for 
then the patterns to cast them from might easily be made up 
from loose letters, and fixed in a frame of suitable dimeiiKiuns 
Two or three alphabets would be sufficient for forming hand 
posts for any place which could be required. A single alpha 
net would be to cut out, in wood, in the first instance ; but as 
wood would be liable to warp, or be broken by accident in the 
course of frequent use, a sufficient number of iron alphabets 
would be immediately cast from it, and these, when nicely 
dressed, would be reserved to form the future patterns. Where 
it was supposed tlie hand-post might be liable to be injured 
ty mischievous persons, strength might be gained, not by 
rendering the letters clumsy or unshapely in front, but by 
making them deep. 

The durability of the hand-posts thus constructed, inde¬ 
pendent of any of their other advantage, should forcibly re¬ 
commended them to the trustees of turnpike roads. They have 
already been adopted in several parts of the west of England. 
The expense of them has bei n Jbund to he only about a shil¬ 
ling per letter : a sum altogether insiguificant, in comparison 
with their utility to the public. 


On the Extraction of Potash from Potato-Tops. 

One of the most important di.scoveries of the present day 
is that of a druggist of Amiens, which promises to iree Europe 
from the heavy tribute she pays to America for tne article of 
potash. The author of the discovery has in a truly patriotic 
manner made it known, after ascertaining by a series of ex¬ 
periments the truth of his conclusions. The hrench Society of 
Agriculture, and the Society in that country for the Encourage¬ 
ment of National Industry, have both named Commissioners 
to frame official reports; in the mean time we give an account 
of the process, in the hope that, even in the present season, it 
may be turned to account—as it interests landlords, tenants, 
merchants, and manufacturers. 

It is necessary to cut off the potato-tops the moment that 
the flowers begin to fall, as that is the period of their greatest 
vigour; they must be cut off at four or five inches from the 
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ground, with a very sharp knife. Fresh sprouts spring, which 
not only answer all the purposes of conducting the roots to 
maturity, but tend to the increase of their volume, as the 
sprouts demand less nourishment than the old tops. The tops 
may be suffered to remain on the ground where cut; in eight 
or ten days they are sufficiently dry without turning, and may 
either be carted home or to a corner of the field, where a hole 
is to be dug in the earth, about five feet square and two feet 
deep: the combustion would be too rapid, and the ashes cool 
too quickly, and thereby diminish the quantity of alkali, were 
they burnt in the open air. The ashes must be kept red hot 
as long as possible; ulien the fire is strong, tops that are only 
imperfectly dried may be thrown in, and even green ones will 
then burn well enough. 

The ashes taken out of the hole must be put in a vessel, 
and boilimj: water be poured upon them, and then the w'ater 
must be evajiorated ; lur these two operations, potato-tops are 
to be used as the only fuel of the furnace, and the ashes thus 
produced must in their turn be lixiviated like the rest. There 
remains after the evaporation, a dry saline reddish substance, 
known in commerce under the name of saliit; the more the 
ashes are boiled, the greyer and the more valuable the salitt 
becomes. 

The salin must be calcined in a very hot oven, until the 
whole mass presents a uniform reddish brown. In cooling it 
remains dry, and in fragments bluish within, and white on the 
surface ; in which state it takes the name of potash. 

The ashes exhausted of their alkaline principle, afford ex¬ 
cellent manure for land intended to be planted with potatoes. 

The follow ing is a table of the results obtained in France 


The number of potato plants to* an acre is.. 
Each of these 40,000 p^iints yield, on an ^ 

average, 31b. of green lops. S 

By drying, the weight of these tops is > 

reduced to.5 

This quantity produces of ashes. 

The evaporation gives of ashes, exhausted ) 

of alkali. 3 

Salin .. 

The salin loses 10 to 15 per cent in calci- ) 
nation, which gives of potash.3 


40,000; 

120,0001b. 

40,0001b. 

7,5001b. 

5,0001b. 

2,5001b. 

2,2001b 


By these estimates it appears that upwards of 20001b. of 
potash maybe obtained, in addition to an increased crop,from 
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every acre of potatoes, or a value far exceeding that of the 
crop itself. The expense of preparing the potash, as above 
described, is about bix guineas per acre. 

In Ireland 350,000 acres are annually employed in the cul¬ 
tivation of potatoes, and although the tops, converted into 
potash, might fall much below the result above stated to have 
oeen obtained in France, yet as tlie consumption of the United 
Kingdom amounts only to eight or ten thousand tons, the 
supply from that part of the Empire alone, could scarcely fail 
to be such as to leave an important surplus for exportation. 


Instruments for the use of Persons who have lost their 

Hands. 

The Inventor of the implements described in this article, 
had the misfortune to lose both his hands, and was fiom neces¬ 
sity induced to contrive such instruments as might supply the 
deficiency as far as possible, lie has been very successful in 
his undertaking, being now able to perform a great variety of 
the most useful operations of hands, without difficulty to him¬ 
self, or requiring assistance from others. It w ill perhaps appear 
surprising that a person thus situated should be able to write 
with great facility, in a hand not larger than is often used for 
the common occurrences of business, and in a style exhibiting 
a great degree of freedom. The Inventor has also made, by 
means of the use of his instruments, several neat drawings, 
(nowin the possession of the Society for the Encouragement 
of Arts, &,c.) to explain the construction of a great varied of 
instruments which he has made at various times, and from 
among which those now to be referred to, were selected, 
as being some of the most ingenious and useful in their 
application. 

AA, fig. 1, plate C, is a tube or socket, formed of a strong 
leather, to receive the stump of the arm ; it is open at one side 
next the open end, and has several holes to lace it on tight; 
but to prevent any danger of its coming off, it is connected 
with a band B, encompassing the arm above the elbow by two 
rings, one of which is marked a; the band is fastened by two 
double straps with a clasp. At the other end of the tube A, a 
piece of wood is fitted in, and faced with a circular iron plate; 
in the centre of this is a socket to receive various implements, 
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one of which, DD, is r^resented as affixed to the tube; it termi¬ 
nates in an iron-hook D, useful for lifting any article, as a chair, 
&c. or drawing on boots. The other part of the instrument is 
made hollow, to receive a button-hook E, and pen, or pencil 
holder F, either of which can be turned out for use, and are 
retained in the positions of either shut or opei', by springs 
similar to that of a knife \ behind these, a knife G is placed, 
and can be opened out in a line with the instrument for use, or 
shut up within the instrument; 6 is a hook to open the knife by. 
The dotted lines H, show the manner in which a pen, or any 
similar instrument, can be held, the springs of the button¬ 
hook and pen-holder being sufficiently strong to hold such 
articles. 

The instrument fig. 1, is adapted to the right arm; the left 
is provided with a similar leather socket, into which the instru¬ 
ment fig. 2, is fitted ; it contains the button-hook I, and the 
fork K, either of which can be opened out for use; e is the 
spring by which they are held ; L is a pair of spring tongs, 
which slide through a socket i, and are by that closed up ; they 
have two pair of jaws, one at the end f, the other by the side 
at g; k is a small hook, by which the tongs can be opened by 
the button-hook of the other hand. The whole of the instru¬ 
ment, fig, 2, bends at a joint M, just where it joins the stump, 
and the end of the spring e catches in^notches in the joint 
to hold it sufficiently firm at any particular point where it is 
set, by pressing the instrument on the knee, a table, or other 
fixture. 

N is the pin which enters the stump; it has a notch all 
round it at the end, into which a wedge in the stump is received 
to hold it in; this wedge comes to the outside of the leather 
at X, fig 1, and haa a hook by which it can be pulled by the 
button-nook of the other hand, so as to release the instrument. 
This wedge does not, however, prevent the whole instrument 
from turning round in the stump ; but by means of holes in the 
circular plate n, and a spring-catch at m, fig. 1, which enters 
any of them, the instrument can be fixed in any position; the 
catch m is relieved by pressing it upon the table, &c. the in¬ 
strument can then be turned round, but becomes fixed when 
the catch is at liberty. 

Besides the socket in the centre of the stump, a smaller one 
is situated in the end thereof, provided with its catch; it is used 
to hold several small instruments, some of which are represent¬ 
ed. Fig. 3, is a hook to take up a glass, or for hooking up light 
articles. Fig. 4, is a pair of tongs, which are opened and shut 
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by a double-inclined plane A, which moves on a centre by 
means of the button-hook introduced through the ring a ; ilrhen 
this is moved, it opens or shuts the tails b of the tongs, and 
produces a corresponding motion of the jaws c, to grasp any 
smalt articles ; these are very convenient, for by pressing tbe 
lower part d, of the inclined plane, on the tabic, the tongs are 
closed without the assistance of the other hand, and by striking 
the ring under the table, they are opened again. 

Fig. 4, is a small vice, its spring A acting to close it; it is 
opened by the hook a, and any article being put between the 
teeth, is held lightly by the spring, then by turning the screw 
d by its handle, the work is })inched fast; to turn uiis handle, 
the hook, fig. (), is put into the socket ot the opposite stump, 
and the pin e of the vice being entered iiTto the nole J", a rota¬ 
tory motion can be given to the screw ; the hook /, is used to 
open the vice, and to mo>e the work \\hic!i is to be held therein. 
In this vice, may be held a file, or other tool, to operate upon 
any piece of work secured in the bench-vice, the handle of 
whicn may be moved by the knee. The Inventor also uses a 
socket, in which he can place a hammer or any other tool; this 
socket is inserted into tlie small socket of the stump. 

Fig. 7, is a fork, wliicii is pn ferablc to that in the instru¬ 
ment, fig. 2, in its appearance, as it can be fitted into the small 
socket of the stump at the same time that an artificial hand is 
fixed in the centre socket, the fork having a joint a, with a 
spring h to hold it; it can be bent as necessary,and the fingers of 
tne artificial hand being brought to touch the shank of the fork, 
will have a natural appearance. One of the artificial hands is 
provided with a money-box in the wrist, with a sliding-cover. 

Fig. 8, is a pen-holder fixed to a clasp A, which embraces 
the arm above the elbow, and is held on by a strap and hook- 
elasp a ; to this a taps b is sewed, to take hold with the buttori- 
hook and clasp it; by this means the Inventor can fasten this 
apparatus (as also fig. 1,) upon his arm without assistance; he 
prefers this pen-holaer to that in fig. 1, and uses it in all cases, 
except for signatures* &c. which would not be worth the trouble 
of fitting on the instrument fig. 8. The pen in fig. 4, comes 
directly before the person using it, and is turned round when 
necessary in its holaer B by the teeth, the sliding-ring C beii^ 
drawn up tight to fasten it by the hook of the other hand. 
Ihc manipulation of putting on this pen-hoMeris not easily 
described ; the stem of B is held between the knees, whilst the 
elasp A is hooked as above-mentioned, by drawing the tape A 
tight over the arm; the ring C being slidden back, the pen is 
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held in the mouth tb place it in the holder B, where it is fixed 
by the other hand , the inventor uses a high table to write at 
and the left hand is employed to hold the paper. 

To pick up a pin or other small article, the tongs of fig. 2, 
are used; if it is lying upon a table, the jaws/, of these tongs! 
are placed on each side of the pin; and by pressino- on the 
stump, the socket i slides towards them, and closes the tonga 
around the pin. In some cases, the side jaws, g, are more con¬ 
venient; the tongs must then be moved by applying the button¬ 
hook of the other hand to the hook k. 

A Committee of the Society for the Encouragement of Arts, 
See. was aj)pointed to consider the above, and other implements 
accompanying them. The Inventor personally attended this 
Committee : he had lost both his hands, and the lower parts of 
both arms, a little Vjelovv the elbow, while loading a great gun, 
to fire a salute on the King’s birth-day, in the Cove of Cork. 

He produced to the Committee drawings of a great variety 
of instruments of his invention; and stated, that these draw¬ 
ings, with the written explanations which accompanied them, 
were wholly executed by himself. 

He explained to the Committee the nature and uses of the 
several instruments which he brought w ith him ; he unbuttoned 
and took oft’,his coat and waistcoat in the pilisence of the 
Committee, and put them on again, and buttoned them without 
any assistance, and said he could entirely dress and undress 
himself, except the tying- on of his neckcloth. 

He showed one method of writing by his fixing a pen below 
his elbow, and a superior method by writing with a pen which 
he placed above his elbow ; in both cases the w’riting was very 
fair and clear, and executed with considerable facility. 

He took up a glass and drank out of it, and used a knife 
and fork for carving and eating without any person assisting 
him. 

He showed his method of receiving or paying money, as 
occasion might require, and how to put the money into or take 
it out of a purse he had contrived for the purpose ; and how to 
take up a small piece of money from the floor. 

•He can mend a pen by means of the instruments he has 
contrived, and can wash his face with a sponge placed and 
managed by himself. 

He can uae a punch and hammer for making holes in metal, 
and can work with a file. 

He opened and shut the door of the Committee-room of the 
SodeW of Arts, &c. and introduced to the Committee a person 
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named Charles Tool, who had lost both his hands, and one 
arm above the elbow joint; this man bore testimony to the 
comforts and advantages which he had derived from the In¬ 
struments, and which answered better than those for which he 
had paid other persons double and treble the price. 

The Inventor stated that a good set of nis instruments 
would cost 10/. i and that he manufactured them for sale. 


Description of a Machine for clearing Roads 

from Mud. 

The principal parts of this machine are, the frame, the 
server, the chain, the sledge, and the pole. 

The frame, fig. 1, plate Cl, consists of two pieces of timber, 
AA, which at one extremity are formed into a pair of shafts 
BB, and are stroi^ly united by three transverse pieces CDE. 

The scraper, F, is placed under this frame-work, in an 
oblique direction, at an angle of 30 degrees, between two of the 
transverse pieces, CD, and consequently forms an angle of 160 
degrees w’ith the line of draught. By this position of the 
scraper, the machine, when used, actually clears itself from the 
mud as fast as it is collected, and removes it into a heap on 
one side, after the manner of the plough 

The chain, G, is connected with a piece of iron-work, H, 
which projects from the lower end of the scraper; for here ad¬ 
ditional power is required, as the whole body of mud, which 
has been collected, must pass off by this extremity. Some ad¬ 
vantage is also gained by making this end of the scraper shorter 
than the other. 

The sledge, II, is constructed upon the upper part of tha 
frame, that by inverting the machine it can be transported with¬ 
out injury to the scraper, over the most rough and stony roads, 
or pavements, to those places where its use is particularly re¬ 
quired. 

The pole, K, which is moveable, serves the purpose of a 
rudder, that when the machine happens to be fiorced by any 
great weight of mud, or solid booy of earth, 8tc. from its 
proper direction, it can be easily restored to its former position: 
and it may fJIao be observed, tnat the moderate pressure of the 
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hand upon the pole tends to make the machine steady, and 
therefore causes it to work to more advantage. The plates in 
front of the scraper, and upon the sledge, are made of cast-iron. 

For the operation of the machine, two men and four horses 
are required; one man to drive the horses, and another to take 
the management of the pole and the direction of the labour to 
be performed. The horses are to be worked double, as com¬ 
monly practised, two being employed to draw by the shafts, and 
two by the chain above described. But the manner of using 
the machine will be best understood by the following sketch. 

Fig. 3. The first progress of the machine, marked No. 1. 
commencing from the arrow-mark, will remove the mud in a 
line to the right; the first return, No. 2, will remove another 
part of it to the left. The second progress. No. 3, will take up 
what was left by No. 1, besides the quantity which is upon the 
space now to be passed over, and will remove it all to the 
right. The second return, No. 4, will operate in a similar man¬ 
ner with regard to No. 2, and remove that to the left. Thus, 
by four lengths, more than twenty feet wide of a road can be 
cleared; and this has been frequently performed in the pre¬ 
sence of several persons. The number of lengths may be in¬ 
creased at pleasure, according to the width of the road. 

In the neighbourhood of London, where there is incessant 
travelling, it would be advisable to use two machines at the 
same time, one immediately following the other, as No. 1 and 
3, which will leave a space sufficiently wide for the largest car¬ 
riage to pass, without disturbing the mud already scraped up. 

There is one advantage in the operation of this machine 
worthy of being noticed, which is, that by the use of it the road 
is made more even and smooth, the small holes being filled up 
by the more solid parts of the mud, whereas, when roads are 
scraped in the usual way, by hand, all the irregularities are 
increased, and become the future deposits of water; and it is 
universally known that these puddles, as they are called, are 
the chief cause of the destruction of roads. 

It has been observed, that stones are sometimes forced up 
by the machine; but it appears to be those only which project 
in such a degree as to be dangerous to the traveller, and which 
require to be broken for the more effectual mending of the 
road. 

If it should be objected, that the machine is too large, and 
that a smaller one, which might pass over half the soace of 
ground that this does, and might be worked by two norses, 
would be better; it may be remarked, that there would in this 
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change be a probability of devoting much labour to little pur¬ 
pose; because this machine, which passes over a space of 
about six feet and a half, will not in some places, when the roads 
are very wet and very deep, leave more than three feet clear, 
the mud on each side falling in and tilling iij), to a considerable 
extent, the space already passed over: it must therefore be 
obvious, that, under similar circumstances, the track of a 
smaller one would almost instantly be obliterated. 

Some estimates may be required of the probable saving to 
be expected from the use of this machine. In the early trials 
made with it, no measured extent of ground was gone over; 
but the general effects were such, that several jiersons of great 
experience in the management of roads, rated the daily work 
of one machine only as equal to the labour of fifty to seventy 
men; fifty being the lowest estimate ever named. Afterwards, 
when some work had been done by measure, it was found, that 
one machine would clear three miles in a day, twenty feet wide, 
(consisting of four lengths, and making the day’s work twelve 
miles,) which is considerably more than 120 men can do in 
a day. 

120'men, at 2s. per day. <£12 0 0 

4 horses and two men, to work the ^ 15 0 

machine, per day • • • •.5 

Difference, a saving per day by usings 
the machine . 


In those parts, where carriages run principally in the 
centre of the road, the chief business in the management of it 
consists in keeping the sides clear and open. One machine 
may therefore be occasionally employed in the outside work 
only; that is, may go six miles and return, (making tw'elve 
miles, as just mentioned) with the saving already given. 

In another trial, in the presence of four trustees of the 
road and others, two miles by measure on the road to Reading, 
were cleared from mud, to the extent of eighteen or twenty 
feet wide, by two machines, in the space of two hours and a 
half; and the work was judged to be equal to the labour of 
more than eighty men in a day. The success of this experi¬ 
ment was so satisfactory, that the trustees directed seven miles 
more of the same road to be cleared, the whole of which was 
done, by two machines, in one day. In the opinion of an ex- 
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f >erieDced surveyor, this day’s labour could not have beai pcr- 
brmed in one day by 400 men. 

Those who are inclined to make trial of a machine of th» 
sort, should be careful whom they employ in the construction 
of It. It is not sufficient merely to attend to the form repre¬ 
sented in the plate ; it is absolutely necessary that the diffierent 
parts, and especially the two braces behind, should be firmly 
put together, otherwise it will be impossible for it to withstand 
the force that must sometimes be exerted upon it by four, or 
perhaps by six horses. The scraper may be made of beech or 
elm, &c. but the other parts ought to be made of ash, and the 
whole of the wood should be w ell seasoned. 

The following summary of the description will probably be 
acceptable: 

Fig. 1. A A, two pieces of ash timber, forming at one ex¬ 
tremity a pair of shafts, BB. 

CDE, three transverse braces, to secure firmly the tim¬ 
bers AA. 

F, the iron plate, or front of the scraper, fixed within the 
braces CD, at an angle of 30 degrees, extending on the further 
side two feet, and on the nearer side one foot and a half be¬ 
yond the timbers. 

G, an iron cliain, one end of which is fastened to the out¬ 
side of the timber A; the other end of the chain may be moved 
nearer to, or further from that end of the scraper which depo¬ 
sits the mud, by means of notches in the iron muzzle H, fixed 
to the scraper, and which regulates the draught of the horses 
attached to the ring at G. 

K, the pole or handle, to be made fifteen feet lonff» which 
passes through strong holdfasts in the braces CD. This pole 
acts as a lever, as the scraper may be raised or sunk by it at 
pleasure. The person who holds it, may direct the scraper in 
Its proper line, and assist it in overcoming any obstacles it may 
meet with in its W'ay, or in giving it additional pressure 
when requisite. 

II shew the two parts of the machine which fbnn the feet 
or sledge on which it slides when reversed, and which facilitate 
its removal from place to place, when the scraper is not in use. 
These feet are strongly fixed to the timbers AA, and strength¬ 
ened by a transverse brace between them. 

Lis the iron chain or back-band, which lies upon the 
cart-saddle of the horse in the shafts, and which supports the 
shafts. 
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Fig. 2, shews on an enlaiged scale, the iron-work fixed on 
the outside of the shafts, to which the chain and horse are 
attached. 

Fig. 3, shews, in a small extent, the track usually made 
by the scraper in four rows, commencing at the arrow-mark in 
the track No. 1, as already described. 


A New Packing Press. 

This press is an improvement on Bramah’s water-press ; it 
produces a uniform action by means of a body of air, which is 
always above the water in toe cylinder A, and which cannot 
escape, as the water occupies the lower part, next the leather 
collar. This compound action of air and water gives the press 
a considerable degree of elasticity, and causes the moveable 
part to descend uniformly, instead of descending by jerks, as 
when impelled by water only. This elasticity causes the press 
to exert an active pressure for a considerable time after the 
working of the pumps has been discontinued, and the degree 
of pressure is not materially affected by a small escape of water, 
an accident which occasionally occurs, and which is always 
fatal to the press when worked by water alone. 

In the form given to this press, convenience has been parti¬ 
cularly studied, and as the moving part of the press descends, 
the goods to be pressed are, as in the common screw press, 
nearly on the level with the floor, an arrangement which facili¬ 
tates their being taken out to be made into bales. 

This press is represented in plate Cl, fig. 4. 

A is a cylinder which receives the ram C. 

B, the top of the press containing two chain wheels, with 
chains for returning the pressing part D. 

££, the two chains attached to the pressing plate D; they 
pass over the wheels, and enter the hollow cylinders 11, and 
they have weights at their extremities, sufficient to raise the 
part D, to the top of the press, when the press is to be opened, 
which, as usual, is done by simply turning a stopcock to return 
the water. 

G is a cistern, with a double combined pump, wrought by 
the handles HH. The small pipe, connecting the pumps G 
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with the lower end of the cylinder A, is not sho^ in the plate; 
it may be carried up against the wall of the building in which 
the press is placea, or in^ any direction that may be most 
convenient. 

KK are the guides of the pressing plate D. 

A contrivance to obtain a press with an elastic power, by 
W. Bowler, was, in 1803, rewarded by the Society for the 
Encouragement of Arts, &c. It consisted in adapting a helical 
spring to the common screw press, so that the spring caused 
the pressing board to descend, as the elasticity of the body in 
the press diminished : but any contrivance of this nature must 
necessarily be inconvenient, and feeble and imperfect in its 
operation, in comparison with the elastic pressure obtained in 
the manner above stated by means of air, the elasticity of which 
is always proportionate to the compressing force. 


A cast-ir&n Double Jib Crane. 

This crane is represented in plate CII; it is entirely con¬ 
structed of metal, and is exceedingly useful in loading or dis¬ 
charging vessels, particularly when time is an object, as it per¬ 
mits the men to be discharging one parcel of goods, while they 
are preparing to raise, or actually raising another parcel. For 
greater convenience, there are two powers or sets of wheels to 
each jib: one of the pinions on eacn handle shaft has twenty- 
one cogs, working into a wheel on the barrel shaft w^ith eighty 
cogs; the other pinion has thirty-four cogs working into a 
wheel of sixty-seven cogs. By sliding the handle shaft through 
the brass collars in whiim it works, either of these combinations 
of wheels may be used; and they are kept in their proper 
places by a catch or fall that fits between collars on the shaft. 
When the catch is between the middle collars, both sets of 
wheels are then out of gear, and goods may be lowered with 
facility and safety by means of the wrought iron brake (shewn 
on an enlarged scale in fig. 5) that acts in a groove turned in 
a part of the barrel which is enlarged for that purpose. By 
pressing upon the lever e, the wrought iron straps ^ are 
brought into close contract with the barrel, and the friction, 
which can be varied at pleasure by the force with which the 
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lever is presfiedi dowiL it mitre tliakt Boffideet to coohter|^e 
ihe Articles to be lowered* Md to cause them to descend with 
aay required degree of velocity. The straps are CGq|i|ed 
together by the joint g, to allow them to act more freely,' a 

a, Is an upright hollow column, round which the crane idns; 
it has a large danch at the bottom, by which it is bolted to a 
cross that is let into the stonework, and firmly bolted (^wn. 
The bolts are made a little dove-tailed, in their wholr length, 
on one side, and the holes to receive them in the stone are 
made in a similar form, but as much larger on the side op¬ 
posite to the dove-tailed part of the bolt, as to allow an oak 
wedge to be driven tight in. By this means the bolts are firmly 
secured: but in case rt be required to remove the machine, or 
to renew a broken bolt, the wooden wedge may be easily bored 
out with an auger, by which means the bolt is set at liberty. 
The column a, at the lower part, is turned, to make it smooth 
and cylindrical, and at the top it is bored to receive a brass 
step that supports the crane by a wrought iron bolt (shewn in 
figs. 3 and 4) which passes through the cap b, and serves as a 
centre or pivot for it to turn upon. 

The jibs, c r, are secured by two bolts to the cap h, ami 
likewise to the moveable ring d, (made to imitate a base mould¬ 
ing,) which is bored out that it may the more easily move 
round the column a. 

The extremities of the jibs are connected together, at the 
top, by means of a strong rod of wrought iron, and the mutual 
support thus aflbrtled, together with the property that the whole 
weight of each jib always forms a balance to that of the other, 
and that therefore there is not in the crane itself any strain be¬ 
yond a vertical pressure upon the column o, render the machine 
peculiarly susceptible of a light and economical construction, 
comparatively with the load which it is adapted to raise. 
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# ^ * 

The Hydrostatic Press was first invented by the late Joseph 
Bramah, of London, but has since undergone several conaider- 
able improvements, and is much simplified in its construction. 
Presses of this description have, wiw respect to pressure and 
expedition, a most decided superiority over the large screw 
presses formerly* used. We nave been favoured with the 
annexed drawings of two, which were made for the Publishers 
of this Work, and which have been found to be excellently 
adapted to the use of printers and bookinders. 

Figs. 1 and 2, plate CIll, represent a front elevation of 
the two hydrostatic presses. 

Fig. 3, the forcing or injecting pump, (made of brass,) and 
fixed in a cast iron cistern. 

Fig. 4, a side view of the injecting pump. 

Fig. 5, a bird’s-eye view of the injecting pump. 

Fig. 6, apian, or bird’s-eye view of the press, fig. 1. 

.Fig. 7. a norizontal section of the press fig. 2, supposed to 
be separated at//, and the upper parts removed. 

AAA, the bottom frames, each consisting of a strong piece 
of cast iron united at each comer to the top frame B, oy four 
wrought iron bolts CCCC, which serve also as pillars for sup¬ 
porting the top, and are made sufficiently strong to resist the 
whole power of the press. 

. The pressure is exerted between the under surface of the 
top B, and the upper surface of the follower or cast iron plate 
D, which is fitted to the ram or piston £. 

The piston is moveable in the strong metallic cylinder F, 
and by its motion upwards, the pressure is communicated to 
the articles placed upon the plate or table D. 

In fig. 1, the ram is represented at its greatest elevation, 
acting against the folded sheets of printed books, with boards 
placed between them at certain intervals. 

Fig. 2, shews the press with the ram and follower plate at 
their lowest situation, ready to receive any articles to which 
the power is to be applied. 

G, fig. 3, 4, and 6, is the forcing or injecting pump, placed 
in a cast iron cistern H, containing water, and fixed upon two 
iron standards, which raise it to a convenient height, and are 
firmly bolted to the floor. I, the iron bow or fulcrum fraiM, 
which is fixed on the cistern, and has a cross piece at the 
^ttom with an opening in its centre, to admit the pump. The 
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placed, andihen secured by a. loose metal ring, called a collar^ 
plate, placed pver it, and as large in diameter as the bead o| 
the cviinder, to which it was attached by ten or twelve screwSj 
which, from the unavoidable inequality of their bearing, were 
continually subject to accidents. 

The collar leathers, upon the improved mode, are also ren^ 
dered more durable in the proportion of at least five to one, 
which is a considerable saving of expense, as well as of time 
and trouble, in not having so frequently to replace them. 

To keep the surface of the piston clean, and to remove any 
substance which might adhere to and injure it or the lea* 
ther, there is a small hoUow, T, fig. 8, made at the top of t^ 
cylinder, which is filled with hemp or tow, saturated with oil, 
and is kept in its place by a thin wrought iron plate V, laid 
over it, and fastened by four small screws. 

In the side of the cylinder, and immediately under the collar 
leather at W, is a small circular opening, which admits the 
water from the forcing pump, and is conducted into the enlarged 
part of the cylinder, by a small groove cut downwards Irom the 
opening. X is the copper communicating pipe, which has a 
brass boss screw'ed upon its end, and is further fastened by 
soft solder; it is fixed into the cylinder by a perforated screwed 
nut Y, put on the pipe before the boss is secured, and the joint 
is made water-tig'ht by introducing a leather washer against U 
square shoulder, at the bottom of the screwed opening in the 
aide of the cylinder. The other end of the copper pipe is con¬ 
nected to the junction piece Z, fig. 10, in a similar way . 

The junction piece is used when more than one press is,con¬ 
nected wiih the same forcing pump, and consists, in this casa, 
of a piece of brass with one opening to join the pump, and oUier 
two openings, one of which communicates by separate pipes 
with each press. These openings can be secured or opened 
at pleasure, as eitlier press may be wanted to be used,, by the 
screwed stopper, whicli has a conical end that fits into a similair 
shaped .seat over the opening to each pipe, and when screwed 
clown prevents tb® passage ot the water to or from the press.. 

Fig. 10, is the section of the injecting pump, drawn to a 
scale of two inches to one foot. This pump answers the piiypo^ 
of two pumps made in the ususd way; it consists of a bsass-nod 
three-fourths of an indi in diaineto, and anotlier rod one inch 
and a quarter in diameter, which is hollow, and occasionally 
serves as the working barrel for the Maaller rod- 
. As the goods, v/hen first placed in the press., we 
4ac, and ocoapy mu<di room incoHiparison to their •reN aotiiuty* 
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ft is desirable, in order to wn time, to vake use of the larger 
pump rod to raise the ram as expedilioiui^y as possible, pre¬ 
paratory to using whicfa, the mnsJl rod is lorced down by the 
Wer, until the small hole a, is opposite to a similar one in the 
nut 6, that is screwed into the top of the larger pump rod, and 
the single end of the key, hg. 11. is put through both, and 
connects the larger rod with the lever, and is tlien ready for 
use with the fulcrum in the farthest hole from the centre of 
the pump. 

When the resistance becomes greater than can be overcome 
by this power, apin'must be fixed in the inner hole, the other 
removeo, and the action continued till the resistuuoe can be 
no longer overcome. The small rod must then be used, which 
may be done by again pressing down the lever until the en- 
laired part of the larger rod (which has a groove turned in it) 
touches the bottom of the recess that is turned out in the 
upper part of the nut of the pump barrel, on each side of which 
is a small square hole, cut through to admit the forked end of 
the key, which being drawn out of the smaller rod, leaves it at 
liberty, and secures the larger rod to the pump ; by these means 
making it the working barrel for the smaller rod. The fulcrum 
is again to be placed in the outer hole, and when the power 
is to be increased, it must be removed to the inner hole as 
before. 

Fig. 12, is the bottom valve or clack, also shewn at r, in fig. 
10, contained in a screwed nut d, which is screwed into the 
bottom of the injecting pump, and made tight by a leather 
washer, against a square shoulder. This nut has a tube e, 
screwed to the bottom part of it, with an enlarged end, that is 
covered by a plate, perforated with small holes, to strain the 
water from any foreign matter, which might get into the pump, 
a^d Pi^vent toe valves from shutting close. 

Fig. 13, is an elevation, and fig. 14, an end view of the valve, 
which prevents the return of the water from the press cylinder 
to the injecting pump, shewn also in its place at/, fig. 10. 

Fig. 16, and g, fig. 10, a small sutoW, screwed down to a 
vonioal i^oulder, to prevent the valve^jjffi’om rising too high; 
by the removal of this screw the valve cmuq be examined at plea¬ 
sure, and for the convenience of lifting it out, there is a small 
hole in its top to admit a screw pin for that purpose. 

Fig. 16, the safety valve, (also il^wn in its place at A, fig. 
10,) to prevent the bursting of the c^per tubc^ and cylinders. 
IW vaWe is pressed down by the Wjhmr.P, which is gradu^ed 
OA ks upper surface, and has the upghtO (fig. 4,) suspended 
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from it, which canbe moved at pleasure. The opening over which 
this valve is placed, is generally made one-eighth of Eh inch' 
in diameter; supposing the weight O to be moved to the end 
of the lever, its distance from the fulcrum at its other extrem¬ 
ity, will then be twelve times as great as that of the valve, and 
the weight being fourteen pounds and a half, the pressure acting 
on the top of the valve will then be equal to one hundred and 
seventy-four pounds, over an opening of only one-eighth of an 
inch, which is the sixty-fourth part of a circular inim, coiue- 
quently every circular inch of the piston’s area, will be Ected 
upon by a force of 11,136 pounds, or very nearly five terns; 
therefore, by multiplying the area of the piston of any press by 
this weight,* its power or pressure is readily ascertained; and 
it may be necessary to say, that the thickness of the sides of 
the cylinder capable of resisting this pressure, should be at 
least equal to one half the diameter of the piston. 

Should the force of the water become greater than has been 
stated, the safety valve will instantly be lifted up, and the 
water will escape through a small aperture just above the coni¬ 
cal seat on which the valve shuts. 


When the injecting pump is worked by the power of a steam 
engine or water-wheel, the proper action of this valve then be«* 
comes of great consequence. 

I, Fig. 10, the discharging valve, with a sliding hdndle 
through its upper parts; its lower extremity is conical, and 
fitted into a similar seat, over the opening leading from the 
pump to the cylinder. When this screw is loosened, the water 
returns from the cylinder into the cistern, and the ram de¬ 
scends by its weight. 

Fig^. 5, k and 7, two similar valves fitted into the junction 
mece Z, to form or cut off the communication with either press. 
To make these valves more perfectly water-tight, a leather 
collar is placed a little above the opening, and secured byii 
screwed nut, through which the valves are passed. 

Fig. 17, a section of the conducting water-pipe, which is 
made of sheet copper; great care is requisite in the making of 
these tubes, both m closing the edges, and then in securing 
'fhe joint by spelter solder through the whole breadth of Hie 
overlap. 

Fig. 18, is a section of the leathers and the brass ring 
between them, used to p^vent the escape of "water past the 
pun^ rods. 

The price of these two presses, with the pump adapted to 


the working of both of them, is only about 


’iloT'’ 


adapted to 
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A Mqgnettcal Instrument for ascertainiMg the Longitude 

at Sea, 

Tlie following letter from a gentleman in Greenock, relates 
to a matter of so much moment, that our readers will regret 
the death of the person who contrived and executed the instru¬ 
ment alluded to. It is fortunate, however, that the apparatus is 
still in existence, as further experiments, and a more minute 
examination of its structure, may perhaps lead to a discovery o 
ita principles. 

All that can be inferred at present is, that possibly a welk 
peised magnetic ball, though it may remain stationary (ex¬ 
cepting the change occasioned by the magnetic variation,) 
whUe kept in the same place, may possess a property, which, 
on carrying it eastward or westward from that spot, may occa¬ 
sion a revolution on its axis proportioned to the distance. 
Should any thing like this turn out to be the fact, we may yet 
see that accomplished which has hitherto balHed every 
human effort. 

But be that as it may, ingenious men will endeavour to 
profit by the hint which Mie following letter presents :— 

Greenock, Ang. 2. 

**An affair of so much consequence to mankind as the fol¬ 
lowing. it were criminal in me to conceal; 1 therefore request 
of you to make it as public as possible among your seafaring 
and philosophical friends. 

“ Our mutuali^iend. before his departure last fall for Philu- 
^Iphia, constructed a machine, apparently simple, but which 
is wfiniiely more valuable, to navigation than the compass. 
It was brought to me. toother with his log-book, by a fellow 
passenger homewards, who unluckily had paid no attention to 
'the use of the apparatus, which was the more unfortunate, as 
'nor firiend died within three leagues of land. 

** It is a magnetic ball, .floating in a basin of quicksilver. 
TThe bail is painted all over, to keep the quicksirver from pene¬ 
trating the pores, which might embarrass the evolutions, which 
^odating I dare not destroy to examine the materials of the 
bat from its weight it must be metallic, yet it floats bi^ 
in the fluid. Since he took it from this place. 1 p^eive m 
>d|ali jKMulced it with lines of longitude mad latitude, like a geo¬ 
graphical sphjejK# Tide, I pcesumib die hae (done on his voyage 
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outward, the jourAal of which is likely left in America. But 
ffais [journal] which I possess begins with the exact point of 
latitude and longitude of Philadelphia, and records the zenith 
of every day as accurately as if he had been all along on terra 
firma. In bed, he told the captain his distance from the coast 
of Ireland to a minute, by looking at his machine. 

The properties of magnetism are not yet sufficiently 
known, and they have heretofore been applied to use only in 
the form of the needle. But it appears to possess, besides its 
well known polarity, a propensity to retain its native relative 

{ ►osition on the earth, that is to say, it turns upon an axis, 
ike the earth, one point always pointing to the pole-star. Be¬ 
yond the line, this point upon the ball is below the horizon; 
and on the shores ol America the longitudinal line, which now 
is its meridian, was far down the side ; so that if he had sailed 
round the earth, his little ball would have made a complete 
revolution upon its axis.” 


The preceding remarks, and the letter which accompanies 
thenj, are fre'ni the Philosophical Magazine for 1802. 

Thus was announced to the public, probably for the first 
time, a property of the magnet not less curious and interesting 
than those of its dip and polarity. The subject appearsMiot, 
for several years afterwards, to have excited general attention ; 
it has lately, however, been revived, with sanguine hopes that 
the investigation of it will be attended with important results. 
Benjamin Wood, an optician, formerly of London, and now of 
Liverpool, attempted to realize the plan of discovering the 
longitude by means of a magnetic ball, floating in quicksilver. 
His experiments, for some time, appeared to throw little light 
upon the immediate object of his pursuit; but having observed 
that a flat unmagnetized bar of steel, which, when suspended 
by its centre, in the same manner as the compass needle, re¬ 
mained perfectly horizontal, did not, after being magnetized, 
remain horizontal either in the direction of its length, or in any 
given line of its breadth, he concluded that though the angle 
which the bar formed with the horizon, in the direction of its 
length, was evidently no other than the well-known phenome¬ 
non of the dipping needle, yet that the angle which it .formed 
with the horizon in its transverse direction, must either be 
attributed to the action of the same power as that possessed 
by the magnetic ball, or to some other property of magnetic 
till then unknown. At kngth he founu that a magetic cylin- 
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der afforded the best means of ascertaining Mdietber this appa¬ 
rently new property of the magnet could be rendered availaole 
(M* not to purposes of utility, and after a variety of trials, both 
by sea and land, the method of suspending the cylinder repre¬ 
sented by plate ClV, has been found the most convenient. 

In fig. 1, A A is a cylinder of steel, us free from flaws as it 
can be obtained, turned perfectly true and smooth, and highly 
polished. At its two extremities, b h, it is reduced into the 
form of pivots, and each of these pivots is terminated by a fine 
conical point; these conical points turn in agate centres, fitted 
at c c into the pieces of brass FG, and the friction is so small, 
that the cylinder A A revolves with the greatest freedom. 

BR is^ a light brass wheel, fitted upon the steel cylinder 
A A, and graduated on its circumference. If the magnetic cylin¬ 
der AA, possess the property of turning a different point of its 
surface to the earth, with every variation of the longitude of the 
place of observation, it is evident that tliis wheel aflbrds the 
means of increasing the scale upon which the variation is ob¬ 
served; and as the longitude east or west can never exceed 
half a circle, or 180 degrees, the circumference of this wheel, 
though divided into 360 degrees, is numbered twice from 1 to 
180, commencing on each side of the zero. 

The supports FG, of the cylinder AA, are attached to the 
plate or ring CC, within which the wheel BR turns. Upon the 
upper surface of the ring CC, are engraved the cardinal points 
with the usual divisions of the compass card, and across the 
diameter of it is fixed a bar d rf, in the middle of which is an 
apparatus consisting of two pair of gimbals, with an agate cap 
e, in the centre. This agate cap is jpaced upon an upright rod 
of steel J\ which terminates in a cone at the end that enters 
the agate cap. To the bar d d are riveted two brass wires gg, 
and the lower ends of these wires are riveted into a plate or 
ring A A, which circumscribes the unnecessary motion *of the 
ring CC and cylinder AA, upon the point of the todf, and 
serves as a support for these parts of the machine, when re¬ 
moved from their state of suspension on the rod/. 

The circular hoop DD is suspended by gimbals at # i, in the 
frame EEE, and another frame k k, nearly like that of £E£, 
but smaller, is attached by gimbals at / /, to the hoopDD. The 
gimbals i i, and I /, are 90 degrees distant from each other. 
On the middle of the bar k A, is fixed a leaden weight m m, to 
give the hoop DD a quick and decided tendency to the hori¬ 
zontal position. Into the weight m m, ut screwed the todf, 
which supports the ring CC, carrying the cylinder AA« • 
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Wlien thus fitted up, the cylinder AA, in addition to a free 
hiotion on its axis, admits of every other motion that can be 
rcqui.site : the riii" C'C will turn entirely round horizontally 
upon the extremity of the rod /’, or any point of it, through 
the whole or a jiart of this revolution, may be directed above 
or below the horizon; while the gimbals i i, 11, and the other 
two pair of gimbals connected with the cap e, enable the 
whole machine readily to yield to and recover itself from the 
effects of anv agitation which it may experience in a ship. 

The support G slides in a dove-tailed groove, contained in 
the piece //, which is riveted or otherwise made immoveably 
fast to the rinu’ CC; and when the nut p is unscrewed, it can 
be drawn out, and the cylinder A A removed. To the back of 
it IS attached, by two screws, a plate of brass, q, by taking olF 
which, the agate which receives one extremity of the cylinder, 
may, when it is worn, be removed, and another inserted. The 
agate in the support T may be removed in the same way, but 
this support does not slide in a groove, like the other. If ru¬ 
bies were employed to receive the extremities of the cylinder, 
they would probably not require to be renewed j but agate 
wears considerably under constant friction from a hardened 
.steel point; and tlie steel, if not hardened, loses its figure. 

A slender piece of brass t t, which is fastened to the ring 
CC, passes over the circumference of the wheel BR, at the 
smallest distance that prevents it from touching the wheel, and 
constitutes the index, from which the motion of the wheel is 
estimated. A vernier is attached to the index, for more accu¬ 
rately reading off the divisions. 

Fig. 2 is an enlarged view of one end of the cylinder AA, 
and fig, 3 is a plan, on an enlarged scale, of the gimbals con¬ 
nected with the cap e. 

To prevent the injury which the machine might sustain 
from accidents, it is, when taken on shipboard, put into a 
box, to the bottom of which it is screw'ed by screws passing 
through the frame FFE, at r r, and the box itself is fastened 
down in any convenient situation. In the lid of the box may 
be fixed a pane of plate-glass, through which the machine 
may at any time be inspected. The glass may be protected 
by a sliding lid. 

When this machine is taken westward, the cylinder A A, 
and consequently the wheel BR, moves in a direction from 
B to R; when it is taken eastward, the motion of the wheel 
is the reverse, that is, from R to B. A great number of 
trials which have been made, appear to evince that the num- 
69. VOL. II. 3 F 
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bcr of degrees which the wheel moves in the passage from the 
place of departure to that of observation is the same as that of 
the difference of the longitude of the two places; consequently, 
if the point immediately under the index, where the wheel 
would rest at the place of departure, be made the zero of 
the graduated circumference, the longitude thence, of the place 
of observation, becomes immediately known by simple in¬ 
spection. 

If future experiments should prove that the machine pos¬ 
sesses these properties, it will unquestionably become one of 
the most valuable inventions of the age. If such should not 
be the result of further investigation, and if every machine 
thus depending upon magnetism for its action, should be as 
far from showing the true longitude of a place, as tlie dip- 

E ing needle is from showing the true latitude, still it will 
ave established a singularly curious fact in natural jihiloso- 
phv, to account for which must enter into every theory of mag¬ 
netism, and of which future ingenuity may make a valuable 
use. 

The machine is now undergoing a complete trial, by direc¬ 
tion of the Board of Longitude, and it has also been taken for 
trial on board many merchants’ vessels. 
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The Marquis of Worcester s Scantling* of Inventions. 

FIRST PUBLISH FT) IN THE YEAR 1665. 


This hltle tract /larinq non- btrowr verij smne, and yet still continuhuf to he deemed a 
prodactioH of (treat curiosity, and eAtitiiiif much interest among those mho take pleasure 
in mechanical inquiries, we hare toticluded, that, <tf an addition to this uork, our Headers 
uiiU deem U t<jually suitable and acceptaUe. It will ever be memorable, for (.ontaXHOig, 
•rt. the sixty-eighth article, the original hint to which we are indebted for the Steam- 
engine. 


A Ce/Uitn/(if the timi Scant lings of Inventions me 

ahcadif practised. 

I. Seals abundant It/ significant. 

Several sorts of seals, some sliewiiio^ by screws, others by 
gages fastening or unfastening all the marks at once; others 
by additional points and imaginary places, proportionable to 
ordinary escocheons and seals at arms, each way palpably and 
punctually setting down (yet private from all others but 
owner and by his assent) the day of the month, the day of the 
week, the month of the year, the year of our Lord, the names 
of the witnesses, and the individual place where any thing 
was sealed, though in ten thousand several places, together 
with the very number of lines contained in a contract, whereby 
falsification may be discovered, and manifestly proved, being 
upon good grounds suspected. 

Upon any of these seals a man may keep accounts of re¬ 
ceipts and disbursements from'one farthing to an hundred mil¬ 
lions, punctually shewing each pound, shilling, penny, or 
farthing. 

By these seals likewise, any letter, though written but in 
English, may be read and understood in eight several Ian 
guages, and in English itself to clean contrary and different 
sense, unknown to any but the correspondent, and not to be read 
or understood by him neither, if opened before it arrive unto 
him; so that neither threats, nor hopes of reward, can make 
him reveal the secret, the letter having been intercepted and 
first opened by the enemy. 
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II. Seahprivate and particular to each Owner. 

How ten thousand persons may use these seals to fiill and 
every of the purposes aforesaid, and yet keep their secrets 
from any but whom they please. 

111. .4 One-line Cipher. 

A cipher and character so contrived, that one line, w ithout 
returns and circumflexes, stands for each and every of the 
twenty-four letters; and as ready to be made for the one letter 
as the other. 


IV. Reduced to a Point. 

This invention, refined and so abbreviated, that a point only 
sheweth distinctly and significantly any of the twenty-four 
letters ; and these very points to be made with two pens, so 
that no time will be lost, but as one finger riseth the other may 
make the following letter, never clogging the memory witn 
several figures for words and combination of letters; which 
with ease, and void of confusion, are thus speedily and punc¬ 
tually, letter for letter, set down by naked and not multiplied 
points. And nothing can be less than a point, the mathema¬ 
tical definition of it being cnjus pars nulla. And of a motion 
no swifter imaginable than semicjuavers or releshes, yet appli¬ 
cable to this manner of writing. 

V. Varied significantIj/ to all the twenty-four Letters. 

A way by circular motion, either along a rule or ring- 
wise, to vary any alphabet, even this of points, so that the self¬ 
same point individually placed, without the least additional 
jnark or variation of place, shall stand for all the twenty-four 
letters, and not for the same letter twice in ten sheets writing, 
yet as easily and certainly read and known, as if it stood but 
lor one and the self-same letter constantly signified. 

VI. A mute and perfect Discourse by Colours. 

How at a window, as far as eye can discover black from 
white, a man may hold discourse with his correspondent, with¬ 
out noise made or notice taken; being, according to occasion 
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given and means afforded, t-.r re vat a, and no need of provision 
beforehand ; though much better if foreseen, and means pre¬ 
faced for it, and a premeditated course taken by mutual con¬ 
sent of parties. 

VII. To hold the same by Night. 

A way to do it by night as \^ell as by day, though as dark 
as pitch IS black. 

VIII. To level Cannovs by Aight.. 

A way how to level and shoot cannon by night as well as 
by day, and as directly; without a platform or measures taken 
by day, yet by a plain and infallible rule. 

IX. A Ship-destroying Engine. 

An engine, jiortable in one’s pocket, which may be carried 
and fastened on the inside of the greatest ship tanquam aliud 
agens, and at any a])p()inted minute, though a week alter, either 
of day or night, it shall irrecoverably sink that ship. 

X. How to be fastened from aloof and under Water. 

A way from a mile off, to drive and fasten a like engine to 
any ship, so that it may punctually work the same effect either 
for time or execution. 

XI. Hotv to prevent both. 

How to prevent and safeguard any ship from such an 
attempt by day or night. 

XII. An unsinkable Ship. 

A way to make a ship not possible to be sunk, though shot 
an hundred times betwixt wdnd and water by cannon, and 
should lose a whole plank, yet in half an hour’s time should be 
made as fit to sail as before. 

XIII. False destroying Decks. 


How to make such false decks as in a moment should kill 
and take prisoners as many as should board the ship, without 
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blowing the decks up, or destroying them from being reducible, 
and in a quarter of an hour’s time should recover their former 
shape, and to be made fit for any employment without disco* 
vering the secret. 


XIV. Multiplied Strength in a little Room. 

How to bring up a forct’ to weigh up an anchor, or to do 
any forcible exploit in the narrowest or lowest room in any 
ship, where few hands shall do the work of many : and many 
hands applicable to the same force, some standing, others 
sitting, and by virtue of their several helps, a great force aug¬ 
mented in little room, as effectual as if there were sufficient 
space to go about with an axle-tree, and work far from the 
centre. 


XV. yl Hoot driiing against Wind and Tide. 

A way how to make a boat work itself against wind and 
tide, yea, both without the help of man or beast; yet so that the 
w’ind or tide, though directly opposite, shall force the ship or 
boat against itself, and in no point of the compass but it shall 
be as effectual as if the wind were in the pupp, or the stream 
actually wiUi the course it is to steer, according to which the 
oars shall row, and incessary motions work and move towards 
the desired port or point of the compass. 

XVI. A Sea-inilin!' Tort. 

How to make a sea-castle or fortification cannon-proof, 
and capable of a thousand men, yet sailable at pleasure to de¬ 
fend a passage, or in an hour’s time to divide itself into three 
ships as fit and trimmed to sail as before; and even w hile it 
is a fort or castle they shall he unanimously steered and effec¬ 
tually be driven by an indifferent strong wind. 

XVII. A pleasant floating Garden. 

How to make upon the Thames a floating garden of pleasure, 
with trees, flowers, banqueting houses, and fountains, stews for 
all kinds of fishes, a reserve mr snow to keep wine in, delicate 
bathing-places, and the like; with music made with mills : 
and all in the midst of the stream, where it is most rapid. 
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XVIII. Aft hour-glass Fountain. 

An artificial fountain to be turned like an hour-glass by a 
child, in the twinkling of an eye, it holding a great quantity 
of water, and of force sufficient to make snow, ice, and thun¬ 
der, with a chirping and singing of birds, and showing of several 
shapes and effects usual to fountains of pleasure. 

XIX. A C oach-savitis F/utr{ne. 

A little engine within a coach, whereby a child may stop it, 
and secure all persons wdthin it, and the coachman himself, 
though the horses be never so unruly in a full career: a child 
being sufficiently capable to loosen them in what posture so¬ 
ever they shoul J have put themselves, turning never so short; 
for a child can do it in the twinkling of an eye. 

XX. A Balance Water-work. 

How to bring up w ater balance-wise, so that as little weight 
or force as will turn a balance wall be only needful, more than 
the weight of the water within the buckets, which counter¬ 
poised, enijity themselves one into the other, the uppermost 
yielding its water (lunv great a quantity soever it holds) at the 
self-same time the lowest taketh it in, though it be an hun¬ 
dred fathom high. 

XXl. A Ijuikct Fountain 

How to raise water constantly, with two buckets only, day 
and night, without any other force than its own moticm, using 
not so much as any force, wheel, or sucker, nor more pulleys 
than one on which the cord or chain rolleth with a bucket 
fastened at each end. This, I confess, 1 have seen and learned 
of the great mathematician Claudius his studies, at Rome, 
he having made a present thereof unto a cardinal; and I desire 
not to own any other men’s inventions, but if I set down any, 
to nominate likewise the inventor. 

XXII. An ebbing anti floh ing River. 

To make a river in a garden to ebb and flow constantly, 
though twenty foot over, with a cbild’s force, in some privMe 
place or room out of sight, and a competent distanpe trpip it 
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XXIII. An ebinng and fiotcing Castk-c/ock. 

To set a clock in a castle, the water filling the trenches 
about it; it shall shew, by ebbing and flowing, the hours, 
minutes, and seconds, and all the coninrehensible motions of 
the heavens, and counter-libration of tne earth, according to 
Copernicus. 


XXIV A S(rength’‘increadng Spring. 

How to increase the strength of a spring to such an height 
as to shoot bumbasses, and bullets of a iiundred pound weight, 
a steeple height, and a quarter of a mile ofl and more, stone¬ 
bow-wise, admirable for fire-uorks, and astonishing of be¬ 
sieged cities, when, without warninu'gi\en bv noise, they find 
themselves so forcibly and dangerously surjnised. 

XXV. A douOie-dnnring Engine fur Weights. 

How to make a weight that cannot take up an hundred 
pound, and yet shall lake up two hundred pound, and at the 
self-same distance from the centre ; and so proportionably to 
millions of pounds. 

XXVI. A to-aud-fro Lever. 

To raise a weight as well and as forcibly with the drawing 
back of the lever, as with the thrusting it fdrw'ards ; and by 
that means to lose no time in motion or strength. This I saw 
in the arsenal at Venice. 

XXVII. A most easp Level Draught. 

way to remove to and fro huge weights, with a most in- 
^nsiderable strength, from place to place. For example, ten ton 
with ten pounds, and less; the said ten pounds not to fall lower 
than it makes the ten ton to advance or retreat upon a level. 

XXVIII. A portable liridge. 

A bridge, portable in a cart with six horses, which in a few 
hours* time may be placed over a river half a mile broad, 
whereon with much expedition may be transported horse, foot, 
and cannon. 
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XXIX. A mm'enhfe Fortification. 

A portable fortifu-ation, able to contain fivti hundred fight- 
ing men, and yf*! in six hours’ time may be set up. and made 
cannon proof, upon the .side of a river or pass, with cannon 
mounted iijion it. and as eomplete as a regular fortification, 
wjtli lialf-inooiis and I'ouiiterscarps. 

XXX A nsmn llnhrark. 

A wav in one night’s time to raise a bulw'ark twenty or 
thirtv foot higli, cannon proof, and cannon mounted upon it, 
with men to overlook, command, and batter a town; for, 
thouuli it contain but four pieces, they shall be able to dis¬ 
charge two huiulred bullets each liour. 

XXXI. \n approochnig lUind. 

A way how safelv and speedily to make an approach to a 
ca.stle oi town-wall, and over the very ditch, at noon-day. 

XXXII ^n universal Character. 

How to compose an universal character, methodical and 
easy to be written, yet intelligible in any language ; so that if an 
Knglishman write it in English, a Frenchman, Italian, Spaniard, 
Iri.sh, Welsh, being scholar.s, yea, Grecian or Hebrean, shall as 
perfectlv understand it in their own tongue as if they w^ere 
perfect English, distinguishing the verbs from the nouns, the 
numbers, tenses, and cases, as properly expressed in their own 
language as it was written in English. 

■' "^'TTI A Needle Alphabet. 

To write with a needle and thread, white, of any colour 
upon white, or any other colour, so that one stitch shall signi¬ 
ficantly shew any letter, and as readily and as eaisily shew the 
one letter as the other, and fit for any language. 

XXXIV A knoltid String Alphabet. 

To write by a knotted silk string, so that every knot shall 
signify any letter, with comma, full point, or interrogation, 
and as legible as with pen and ink upon white paper. 

60. VOL. II. 3 G 
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XXXV. A Fririge Alphabet. 

The like by the fringe of gloves. 

XXXVI. A Bracelet Alphabet. 

By stringing of bracelet ' 

XXXVH. A pinched Glove Alphabet. 

By pincked gloves. 

XXXVIII. A Sieve Alphabet. 

By holes in the bottom of a sie\e. 

XXXIX. A Bantern Alphabet. 

By a lattin or plate lantern. 

XL. An Alphabet the Smell.—\U. Taste.—XLU. Touch. 

By the smell—by the taste—by the touch.—By these three 
senses as perfectly, distinctly, and uncoufusedly, yea, as rea¬ 
dily, as by the sight. 

XLIIl. A Variation of all and each of these. 

How to vary each of these, so that ten thousand may know 
them, and yet keep the understanding part from any but thec 
correspondent. 

XLIV. A Key-pistol. 

To make a key of a chamber door, which to your sight hath 
"its wards and rose-pipe but paper thick, and yet at Measure, 
in a minute of an hour, shall become a perfect pistol, capable 
to shoot through a breast-plate, commonly of carabine-proof, 
with prime, powder, and firelock, undiscoverable in a stranger’s 
hand. 

XLV. A most conceited Tinder-box. 

» 

How to light a fire and a candle at what hour fo eht night 
one awaketh, without rising or putting one’s hand out of the 
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bed. And the «anie thing becomes a serviceable pistol at plea¬ 
sure ; yet by a stranger. n(»t knowing the secret, seemeth but 
a dextrous tinder-box 

XLVl A *> artificial bird 

How to make an artificial bird to fly which way and as long 
as one pleaseth, by or against the wind, sometimes chirping, 
other times hovering, still tending the way it is designed for. 

XLVII. An Hour Water-ball. 

To make a ball of any metal, which, thrown into a pool or 
pail of water, shall presently rise from the bottom, and con¬ 
stantly shew, by tlie sujierficies of the water, the hour of the day 
or nit’ht, never rising more out of the water than just to the 
miniiTe it >hewcth of each quarter of the hour ; and if by force 
kept under water, yet the time is not lost, but recovered as 
soon as if is permitted to rise to the superficies of t\ie water 

XLVIII. A screwed Ascent of StairSr 

A screwed ascent, instead of stairs, with fit landing places 
to the best chambers of each story, with back stairs within the 
w'ell of it, convenient for servants to pass up and down to the 
inward rooms of them unseen and private. 

XLIX. A Tobacco-tongs Engine. 

A portable engine, in way of a tobacco-tongs, whereby a 
man may get over a wall, or get up again being come down, 
finding the coast proving unsecure to him. 

L. A Pocket Ladder. 

A complete light portable ladder, which taken out of one’s 
pocket, may be by himself fastened an hundred foot high to 
get up by from the ground. 

LI. A Rule of Gradation. 

A rule of gradation, which with ease and method reduceth 
all things to a private correspondence, most useful for secret 
intelligence. 
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LIl. A nij/stical Jangling of lieilt.. 

How to si^mCy words and a perfect discourse by jangling 
of bells of any parish church, or by any musical instrument 
within hearing, in a seeming way of turning it; or of an un¬ 
skilful beginner. 

Llll. An holloicing of a Waltr'icreti-. 

A way how to make liollow and cover a water-screw us big 
and as long as one pleaseth, in an easy and cheap way. 

LIV. A transparent Water-screw. 

How to make a water-screw tight and yet transparent, and 
free from breaking; but so clear, that i>ne may palpably see 
the water, or any heavy thing, how and why it is mounted by 
turning. 

LV". A double 11 nftv-sicreu’. 

A double water-screw, the innermost to mount the wate® 
and tlie outeriiu)st for it to descend moro in number of threada]| 
and consequently in quantity of water, though much shorter 
than the innermost screw by which the water ascendeth; a 
most extraordinary help for the turning of the screw to make 
the water rise. 

LVI. An advantageous Change of Centres. 

To provide and make that all the weights of the descend¬ 
ing side of a wheel shall be perpetually further from the centre, 
than those of the mounting side, and yet equal in number 
and heft to the one side as tiie other. A most incredible thing, 
if not seen, but tried before the late king (of blessed memory) 
in the Tower, by iny directions, two extraordinary ambassadors 
accompanying his majesty, and the duke of Richmond and 
duke Hamilton, with most of the court, attending him. 
The wheel was f^ourteen foot over, and forty weights of fifty 
pounds apiece. Sir William Balfour, then lieutenant of the 
Tower, can justify it with several others. They all saw that, no 
sooner these great weights passed the diameter-line of the lower 
aide, but they hung a foot further from the centre, nor no sooner 
paeaed the diameter-line of the upper side, but they hung a 
foot nearer. Be pleased to judge the consequence. 
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LVII. A constant Water-Jiowing and ebbing Motion. 


An ebbing and flowing water-work in two vessels, into 
eitlier of which, the water standing at a level, if a globe be cast 
in, instead of rising, it presently ebbeth, and so remaineth until 
a like globe be cast into the other vessel; which the water is 
no sooner sensible of, but that vessel presently ebbeth, and 
the other floweth, and so continueth ebbing and flowing until 
one or both of the globes be taken out, working some little 
eflect besides its own motion, without the help of any man 
within sight or hearing; but if either of the globes be taken 
out, with ever so swift or easy a motion, at the very instant the 
ebbing and flowing ceaseth; for if during the ebbing you take 
out the globe, the water of that vessel presently returneth to 
flow, and never ebbeth after, until the globe be returned into 
it, and then the motion beginneth as before. 

LVIll. An often-diM-harging Pistol 

Ilow to make a j)istol to discharge a dozen times with one 
loading, and without so much as one new ])riming requisite, 
or to change it out of one hand into the other, or stop one’s 
horse. 

LIX. An especial ivay for Carabines. 


Another way as fast and effectual, but more proper for 
carabines. 


LX. A Flask-charger. 


A way with a flask appropriated unto it, which wdll furnish 
either pistol or carabine with a dozen charges in three minutes* 
time, to do the whole execution of a dozen shots, as soon as 
one pleaseth, proportionably. 

LXI. A waif for Aluskets. 

A third way, and particular for muskets, without taking 
them from their rests to charge or prime, to a like execution, 
and as fast as the flask, the musket containing but one charge 
at a time. 

LXll. A way for a Harquebuss—a Crock. 

A way for a harquebuss, a crock, or ship-musket, six upon 
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a carriage, shooting with such expedition, as without danger 
one may charge, level, and discharge them sixty times in a 
minute of an hour, two or three together 

LXIII. For takers and 3Iini/ons. 

A sixth way, most excellent for sakers, ditl’enng from the 
otlier, yet as swift. 

LXIV. For the biggest Cannon. 

A seventh, tried and approved before the late king (of ever 
blessed memory) and an hundred lords and commons, in a 
cannon of eight inches half-quurK r, to slioctt bullets t»f (14 lbs. 
weight, and 24 lbs. of powder, twenty times in six minutes, so 
clear from danger, that aftt r all were discharged, a pound of 
butter did not melt beinix laid upon the cannon breach, nor the 
green oil discoloured that was first anointed and used between 
the barrel thereof and the engim*, ha\ ing ne\ er in it, nor w ithin 
si-V foot, but one charge at a time. 

LXV. For a tvhole Side of Ship-muskets. 

A way that one man in the cabin may govern the whole 
side of ship-muskets, to the number (if need require) of two 
or three thousand shots. 

LXVI. For guarding several Advenues to a Town. 

A way that against several advenues to a fort or castle, one 
man may charge fifty cannons playing, and stopping when he 
pleaseth, though out of sight of the cannon. 

LXVII. For Musketoons on Horseback. 

A rare way likewise tor musketoons fastened to the pom¬ 
mel of the saddle, so that a common trooper cannot miss to 
charge them with twenty or thirty bullets at a time, even in 
full career. 

When first I gave my thoughts to make guns shoot often, 
I thought there had been but one only exquisite way inventible, 
yet by several trials, and much charge, 1 have perfectly tried 
all these.” 
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LXVIII. A Fire Water-work. 

An admirable and most forcible way to drive np water by 
fire, not by drawing or sucking it upwards, for that must be, as 
the philosopher calleth it, iutra spharam activitatis, which is 
but at such a distance. But this way hath no bounder, if the 
vessels be strong enough ; for I have taken a piece of a whole 
cannon, w hereof the end was burst, and filled it three-quarters 
full of water, stopping and screwing up the broken end, as also 
the touch-hole; and making a constant fire under it, within 
twenty-four hours it burst and made a great crack: so that 
having a way to make my vessels so that they are strengthened 
by the force within them, and the one to fill after the other, . 
have seen the water run like a constant fountain-stream forty 
foot high ; one vessel of water, rarefied by fire, driveth up forty 
of cold water. And a man that tends the work is but to turn 
two cocks, that one vessel of water being consumed, another 
begins to <brce and re-fill with cold water, and so successively, 
the fire being tended and kept constant, which the self-same 
person may likewise abundantly perform in the interim between 
the necessity of turning the said cocks. 

LXIX. A triangle Kei/. 

A way how a little triangle screwed key, not weighing a 
shilling, shall be capable and strong enough to bolt and unbolt 
round about a great chest an hundred bolts through fifty sta¬ 
ples, two in each, with a direct contrary motion, and as many 
more from both sides and ends, and at the self-same time shall 
fasten it to the place beyond a man’s natural strength to take it, 
away j and in one and the same turn both locketh and openethit. 

LXX. A Rose Key. 

A key with a rose-turning pipe, and two roses pierced 
through endwise the bit thereof, wdth several handsomely 
contrived wards, which may likewise do the same effects. 

LXXl. A square Key with a turning Screw. 

A key perfectly square, with a screw turning within it, and 
more conceited than any of the rest, and no heavier than the 
triangle screwed key, and doth the same effects. 
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LXXII. An Escocheon for all Locks. 

An escocheon to be placed before any of these locks vrith 
these piraperties. 

1. owner, though *\ woman, may with her delicate hatid 
Vary the waea of coming to open the lock ten millions of times, 
beyond the Knowledge of the smith that made it, or of me who 
inTented it. 

2. If a stranger openeth it, it setteth an alarm a-going, 
which the stranger cannot stop from running out; and besides, 
though none should be within hearing, yet it catcheth his hand, 
aa a trap doth a fox; and though far from maiming him, yet rt 
leareth such a mark behind it, as will discover him if ffus- 
pected, the escncheon or lock jjlainly shewing what monies he 
hath taken out of the box to a farthing, and how many times 
opened since the owner liad been in it. 

LXXIII. A tronxrnittihlc (jalien/. 

A transmittible gallery over anv ditch or breach in a town 
wall, with a blind and parapet cannon-proof. 

LXXfV. A conceited Door. 

A door whereof the turning of a key, with the help and mo¬ 
tion of the handle, makes the hinges to be of either side, and 
to open either inward or outward, as one is to enter or to go 
out, or to open in half. 

LXXV. A Discount woven in Tape or Ribbon, 

How a tape or ribbon weaver may set down a whole dis¬ 
course without knowing a letter, or interweaving any thing sus¬ 
picious of other secret than a new-fashioned ribbon. 

LXXVi. To write in the Dark. 

How to write in the dark asstraight as by day or candle lig^ \ 
LXXVIl. A^mg Man. 

Hew to make a man to fly, which 1 lutve tried ifith a little 
hey of ten years tsid in a barn, from one end to the other, on 
an hay-mow. 
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LXXVill. Acontmualfy 


A watch to go oonatantly, and yet n^di‘ho/bther winding 
from the first setting on the cord or chain, unless it be broken, 
rei^hring no other' ckre from one,‘ than td he i^waiild ti&en «bn- 
sulted with concerning the hour of the day or night, i^nd'if it . 
be laid by a week together, it wHl not err xnuck^^ hffii the 
oftener looked upon^the more exact it sheweth thetime ofHhe 
day or night.' j. < u iu • ■- 

t 

LXXIX. A total Locking of Ca^in& ^oxi^ ' 

A way to look all the boxes of a babmet <thodgh never «o. 
many) at one time, which were by particular keys expropri¬ 
ated to each look opened severally, and independent the ions 
of the other, as much as concemeth the opening of them, and 
by these means cannot be left opened unawares. 

LXXX. Light Pistol Barrels. 

How to make a pistol-barrel no thicker than a shilling, a,nd 
yet able to endure a musket proof of powder and btrlli^. 

LXXXI. A Comb-conveyance for letters. 

A comb-conveyance, carrying of letters without suspicion, 
the head being opened with a needle-screw drawing a 'Spnng 
towards them; the comb being made but after an nsnal form 
carried in one’s pocket. < v 

LXXXII. A Knifef Spoon, or Fork Conveyance* 

A knife, spoon, or fork, in an usual portable case, may have 
the like conveyances in tWr handles. , v. 

LXXXiil. i Masjping MU. V 

A rasping-mill for hartshorn, whereby e ,^hild may do the 
work of half a dozen men, commonly taken up tvith that work. 

IJiXXlV. An ArithineH(MlFh^n^^ ‘ 

An instrument whereby persons i^otkntan arithmetic may 
perfectly observe numerations and enbstractions of all eiixns 
and ftnetiiOns .'m - • c ■. ■ i? o) woli 

'6LyoL. u. 3H 


' i / 
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LXXXV. An untoothsome Pear. 

A little ball, made in the shape of plum or pear, being dex> 
trouaiy conveyed or forced into a body’s mouth, shall presently 
shoot forth such and so many bolts of each side and at both 
ends, as without the owner4 key can neither be opened or 
filed off, beins made of tempered steel, and as enectually 
locked as an i^n chest. 

LXXXVI. An imprisoning Chair. 

A chair made d-la-mode, and yet a stranger being per¬ 
suaded to sit down in it, shall have immediately his arms and 
thighs locked up beyond his own power to loosen them. 

LXXXVII. A CandU-mould. 

A brass mould to cast candles, in which a man may make 
500 dozen in a day, and add an ingredient to the tallow which 
will make it cheaper, and yet so that the candles shall look 
whiter and last longer. 

LXXXVIII. A Brazen Head. 

How to make a brazen or stone head in the midst of a 
great field or garden, so artificial and natural, that though a 
man speak never so softly, and even whispers into the ear 
thereof, it will presently open its mouth, ana resolve the ques¬ 
tion in French, Latin, Welsh, Irish, or English, in good terms, 
uttering it out of his mouth, and then shut it until the next 
question be asked. 

LXXXIX. Primero Gloves, 

White silk knotted in the fingers of a pair of white gloves, 
and so contrived without suspicion, that playing at primero 
cards, one may, without clogging his memorynj^eep reckoning 
of all sixes, sevens, and aces, which he hath discarded. 

XC. A dicing Box. 

A most dextrous dicing box, with holes transparent,, after 
the usual fashion, with a device so dextrous, that with a knock 
of it against the table, the four good dice are fastened, and it 
looseneth four false dice made fit for his purpose. 

XCI. An artificial Ring-horse. 

An artificial ring-horse, with saddle , and esq^arisons fit. for 
running at the ring, on which a man being mounted, with his 
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lance in his hand, he can at pleasure make him start, and 
swiftly to run his career, using the decent posture with bon 
grace, may take the ring as handsomely, and running* as 
swifitly, as if he rode upon a barbe. 

XCIl. A Gravel Engine. 

A screw made like a water-screw, but the bottom made 
of iron plate spadewise, which at the side of a boat emptieth 
the mud of a pond, or raiseth gravel. 

XCIIL A Ship-raising Engine. 

An engine whereby one man may take out of the water a 
ship of 500 tons, so tnat it may be caulked, trimmed, and re- 

f jaired, without need of the usual way of stocks, and as easily 
et it down again. 

XCIV. A Pocket Engine to open any Door. 

A little engine, portable in one’s pocket, which placed to any 
door, without any noise but one crack, openeth any door or gate. 

XCV. A double Cross-bow. 

A double cross-bow, neat, handsome, and strong, to shoot 
two arrows, either together or one after the other so immedi¬ 
ately that a deer cannot run two steps, but, if he miss of one 
arrow, he may be reached with the otWr, whether the deer run 
forward, sideward, or start backward. • 

XCVl. A Way/or Sea- anh. 

A way to make a sea-bank so firm and geometrically strong, 
so that a stream can have no power over it; excellent likewise 
to save the pillar of a bridge, being far cheaper and stronger 
than stone-wall. 

XCVII. A perspective Instrument. 

An instrument whereby an ignorant person may take any 
thing in perspective as justly and more than the skilfullest 
painter can do by his eye. 

"XCyill. A semi-omrdpotent Engine. 

An engine so contrived, that working the primum mobile 
forward or backward, upward or downward, circularly or coi*- 
ner-wise, to and fro, straight, upright or downright, yet the 





pretended op^ntion oontinueth, and advanceth none of the 
motiona aboire^mentioned, hindering* much lesa atopping the 
other; but unanimonaiy, and with harmony, agreeing, they ail 
augment and contribute atren^ unto the intended work and 
operation: and therefore 1 call this a iemi-^mniwteni engine, 
and do intend that a model tiiereof be buried wi^ me. 


XCIX. A most admirable Way to raise Weights. 

How to make one pound weight to raise an hundred as high 
as one pound faileth, and yet the hundred pound descending, 
doth what nothing less than one hundred pounds can effect. 

C. A stupendous Waier-tcork. 

Upon so potei^ a help as these two last-mentioned inven¬ 
tions. a wat< 


potei^ a h 
sr-work is. 


even two foot diameter, so naturally, that the work will not be 
heard even into the next room; and with so great ease and 
geometrical symmetry, that though it work day and night from 
one end of the year to the other, it will not require forty shil¬ 
lings reparation to the whole engine, nor hinder one^s day-work, 
and 1 may boldly call it the most stupendous work in the whole 
world: not only with little charge to drain all sorts of mines, 
and furnish cities with.water, though never so high seated, aa 
to keep them sweet, running through several streeto, and so 
performing the work of scavengers, as well as furnishing the 
inhabitants with sufficient water for their private occasions ; 
but likewise supplying rivers with sufficient to maintain wd 
make them portsmfe from town to town, and for the bettering 
of lands all the way it runs; With many more advantageous ana 
yet greater effects of profit, admiration, and consequence. So 
jthat deservedly I deem this invention to crown my labours, to 
reward my expenses, and make my thoughts acquiesce in way; 
•f further inventions; this making up the whole Century, ana 
pmvcinriiig any fmther trouble to the reader for the present, 
meaning to leave to posterity a book, wherein under ekch of 
these heads the means to put in execution and visible trial sdl 
and every of tltese inventions, with the shape and form of all 
ti^ngs belonging to them, shill be printed by brass plates. 

In iomm pubUeym^ et ttugc/rem Dei f^oriam* 










LIST 


OF 


INVENTIONS, AND THEIR AUTHORS. 


VOL. I. 


Class I .—Inventions relative to Manufactures and Trojdt. 


T. S. A. denotes Transorftoiu of the Society for the Encouragement of Arte, 4'c. 
Rew. reward: gs. guineas: the rewards are those given by the above Society 
Com. CaaiinHntcafto)i.* dat. dated: v. volume. 

Phil. Mag. Philosophical Magazine, by Alexander Tfllocb. 

R. A R^mrtory of Arts, kc. 

Specif. l^paeijicaiioH: N. S. New Series. 


I. Page. 

Method of obtaining Gas for light, and other nsefoi Articles, from Pltcoal. By 
B. Cook, of Birmbgham. T. S. A. v. 28, 1810. Rew. aOver medal. See also 
Clegg’s oommonication,T.S. A. v. 26, 1808... . 1 

II. 

Oa b—tntg Rooms by Steam. By Neil Snodgrass, of Glasgow. T. S. A. v. 24, 

1806. Com.dat. Feb. 18,1W5. Rew. gold medal. ... 9 

III. 

Mill for grinding Cofonrs. By James Rawlinsui, of Derby. Com. dat Jan. 10. 
1804. T. S. A. V. 22,1804. Rew. silver medal and 10 gs . 17 

IV. 

MM for grinding Indigo and other dry Coloan. T« S. A. t. 29, 1804. Com. 

by C. Taylor, M. D. 21 

V, 

On the VentSatkm of Mines, Hospitals, &o. witii the description pit a Maehiae 
for that jptupose. By John Taylor, of MolwoU, near Taviatook. T. S. A. 

T. 28,1810. Rew. sQver medal. ... 22 

VI. 

A poworfU Forgo Hanimoiif By George WMby. GosweU-atneet, London. T< i. A* 

T. 82.1804. CoQ. dat April90.1808. Bow* Oliver awdaland 40gs* SO 








432 


^ Jw w h i nK m»d tkmr Amtitcrs m V«L I. 


vn. 

A lira Buape. Bj Joha Davla, 7, Sthn-aUnti, Spitalfidds, London. T. 8 . A. 
voL 88.1810. Com. dnt Job. 10.1^ Bow.OOgs.. S2 

vni. 

Maokine Inr bmiaf tlw Cjlindon of 8 Uwb Bagines, Air Pomps, &o. Bjr Michsel 
BiUugaley, of Birkamnw.—^Potost.—Specif, dot. Deo. 28,1802. R. A. toI. 2, 

H. 8.180S. IS 

IX. 

Method of obuinbm Pipes sod CoIoibbs oot of solid Blocks or Slabs of Stone. 

Bj^ ’M^Hiaai luurdoA, of Soho Foondiy, Staffordshire, Bnguiser^PatenU—' 
Specif, dat. Jaa. IS, 1810. R. A. roi. 2, N. 8 .. 37 

X. 

Oa the PrepentloB end Uses of Ships’ Boats as life-Boats. By James Bremner, 
Minister of Walls and Flota, Orkney Islaade. T. 8 . A. r. 28, 1810. Com. 
dated Sept. 16,1809. Rew. silver medal end 20 gs.. 42 

XI. 

Cast Iron Moeriag Block, aad improved Method of mooriag Ships in confined sitna- 
tieas. By Samuel Hemmaa, of the King’s Dock Yard, at Chatham. T. S. A. 

▼. 88,1810. CoBL dat. Deo. 6,1809. Rew. silverm^al. 57 


XII. 

Advstatageens Medmd of gniaiBg Power I 7 aseeadiBg a Ladder. By Simeon 
Tbraipsea, of Maddox-street, Haaover-sqnare, Loadon.—Patent.—Specif, 
dat.March 20,1800. R. A. vol. 18, N. S. 59 

xin. 

Tadtometer, or lastnunent for indicating the Velocity of Machinery. By Bryan 


Donkin, of Fort Place, Bermondsey, Soathwark. London. T.8.A.V.28. 
1810. Com. dat. April 11, 1810. Rew. gold, medal . 6 S 

XIV. 

Now Method of working Chuas, to answer the parposes of Ropes, and description 
of a Crane to wluish it has been applied. By Gilbert Gilpin, of Old Park 
Iron Works, near Shifiial. T. 8 . A. ▼. 88,1805. Com. dat April 16,1804. 
Sew. ailvor medal and 80 gs... 68 

XV. 

Improvamoot the Machine for raising Coals, ficc. from Mines. By Gilbert Gilpbi, 
of Old Pork Iron Works, near Shifoal. T. S. A. v. 23, 180C. Com. dat 
Fob. S, 1867. Sew. 20 gs...... 75 

XVI. 

PnporatioB of ^eap aad durable Paints with Fish Oil, including a method of 
wUtenin^ linseed 03, and the preparation of WMte Paint for inside vratk. 

By Thoams Vaidiermaii, 21, Mary-fe-bone street, ^Iden-sqnaro, London. 

T. 8 . A. T. 28, 1805. Com. dat Dec. 11,1804. Rew. silver medal. 81 

' .... xvn. 

Dosoi^iiiiaii'of a BoaUe Press, for packing Goods. By J(An Peak, No. 1, Cold 
B^, Now Bond, near the Adam s^ Eva, London. T. 8 . A. v. 15,1797. 
Cam. dat Mqr », 1796. Sew. 86 ga.... 87 


.xvm. 

Machines for oqaalfadn die Widdi and Thickness of father Straps. Ih Lewis 
Anihooj, of Fort naoo,* Bmnondsw, Soathwark,‘London. T. 8 . it ▼ 28, 
1816. Com, dat Nov. 28 , 1869. Sew. 26. gs ..88 

. ■ MX.-' 

Ifnar Mode of aunnfisetniag MdBos, fbr eh o mioal parposes. By Edward Tnml, 

46, S a w a toin e . o ti oot, Bo w wa st reet Read, London. S. 8 . A. r. 25,1807. 

' C onii d a t i AprilM, 1866. Bsw,tigs.... 


90 



















423 


litt nf IitomHotu and their AtOhore m VoL 11. 


XX. 

HftohiM far oitting ud oreokiog tb« Wire for Cude, Bj Joieph Beerd» of Cogg^e- 
alielly Eeaex. T> 8. A. SO. Rew. 40. ge. Deaoribed by John Farey. 
joB. of London.. 94 

XXI. 

New Methods of prodnobg straight, smooth, and parallel, or globular Surfaces, by 
Machinery. By Joseph Bramah, late of Pimlico, Mi^Uesex, Engineer.— 
Patent.—Specif, dat. Oct. SO, 1802. R. A. t. 2. N. S. 101 

XXII. 

New Methods of applying power to Machinery. By the same.—Patent—Specif, 
dat Idarch SI, 1790. B. A. t. 0. • S. 107 

XXIII. 

Method of seeuring Timbers or Girders injured by the Dry Rot or by Time. By 
James Woart, of FuHiam. T. S. A. v. 20. Com. dat Not. 35, 1801. 


Rew. 10 gs. Ill 

XXIV. 

Machine for keeping an account of the number of Draughts from a Mine. By 
John Antis, of Fulneck, near Leeds. T. S. A. t. 21. Com. dat May 
18, 1802. Rew. 10 gs.115 

XXV. 

Machine for bcTelling Wheels. By William Kelly, of New Lanerk Cotton Mills. 

R. A. V. 6 , 1797. 119 

XXVI. 

Metliod of obtaining admirable Lakes from Madder. By Sir H. C. Englefield, 
Bart of Tilney-street, London. T. S. A. v. 22, 1804. Com. dat Dec. 15, 
180S. Rew. gold metal.121 

XXVII. 

Method of obviating the necessity of lifting Ships. By Robert Seppings, of Chat¬ 
ham Yard. T. S. A. v. 22. Com. dat Nov. 23, 1803. Rew. gold medal.127 

XXVIII. 

A Stove, on the principles of the Swedish Fire-place, with Heat Openugs. By 
CiGssen Gnyton. Annales de Chimie. v. 41, p. 79. Nicb. Jour. v. 2. 

8 vo. Series.132 

XXIX. 

A Stove for drybg Goods. By George Field, 87, Newman-street, London, T. S. A. 

T. 24.180ls. Com. dat. March 11, 1806. Rew. silver medal...139 

XXX. 

Method of bormg the conical part of Brass Cocks. By Charles Williams, 3, Cane 
Place, Gravel Lane, Southwark. T. S. A. v. 28, 1810. Com. dat Jan 5, 
1810. Rew. 20 gs. 142 

XXXI. 

Machine for separating Iron Filings from their Mhctnre with other Metals. By 
J. D. Ross, Prinoes-street Soho, London. T. S. A. v. 28, Com. dat April 
12,1810. Rew. 6 gs.144 

XXXII. 

An improved Pomp, for raising Water whilst Wells are sinking or making. By 
William Brnnton, of Bntterly Iron Works, Derbyshire. T. S. A. v. 29,1811. 

Com dat Oot 10,1810. Rew. silver medal.... 145 

XXXIU. 

An improved Loom, by which Purses, Pockets, Sacks, &c. may be woven without 
reqniring a aide-seam, and work in general may be better executed. Bj 
Thomas Qalow, SI, Old Cook Lane, Shoreditch, London. T. S. A. v. 20. 

Com. dat March 16,1802. Rew. 26 gs.....149 


















424 


IamI hntmtitm mtd timr ifalter* jit VtL Ml* 


Pmg4. 

XXXIV. 

iBpravwl Method of Wupie§ nd prepoiiiw Web* fer Weovofo. By IPhoouw 
Berker, of St. Marj-le-bim, Lo^oo. T. 8. A. t. 81. Cook det. Apeil 18, 
1800. Sew. 10 ...181 

XXXV. 

A Loom fur weariog fieMof Nets. Bj Jidm Robertson, of St. Meiys Wind, 
Bdlnbeigb. T. S. A. t. 84.1808. Rew. 80 gs..158 

XXXVI. 

Method of p r e ser v i ng Cordage. Bj Williasa Chapman, of NeWcastle-apon-Tjne. 

PatnU—%ieeif. dat. Jane S, IMl. R* V.S, It. S.................... 188 

XXXVII. 

Improred Steel Yards. Bj — Panl, Inspeotor ot Weights and Measures at 
CeaoTa. From a Report bj Professor Piotet, of Genera, loomal des Mines, 

No. 48. PiiiLHag.T.S.161 

XXXVIII. 

ImproTod Method of prioting Paper Hangings. Bj John Middleton, of St 
Martin’s Lane, London. T. 8. A. t. SM. Com. dat Jan. 86, 180A Rew. 
honorary silver medaL ...168 

XXXIX. 

Deamiptioo of the different Methods of blowing np Rooks ander Water. By A. 

BaOlet, Inqwctor of Mines. Jonmal des Mines, No. 86. Fhfl. Mag. v. 18. iTO 

^ XL. 

A Corvilinear Saw. By John Trotter, Sobo-sqaare, London. T. 8. A. v. 24. 
Cons, dat Sept 18,1805. Row. gold medal.176 

XLI. 

A Maehine for Hackling Hemp. By Matthew Mnrraj, of Leeds, Ea|^aeer, 

T. 8. A. V. 87,1809. Cimi. dat Feb. 10,1800. Rew. gdd medaL. 177 

XLU. 

A Bmler for the nse of Tallow Chandlers, and ether ManoihctarerB of T n da mmable 
By—Bream, of Yamwoth. T. 8. A. v. 37, 1800 : first received 
hy the Soeiety in 1786.. 179 

XUU. 

A Maehine for Maanfhetnring SQk-covered Wire, and lliread covered with Silk. 

By Hhms Snddingten, of Monkweil-street, Falcmi-eqiiare, London. T. 8. A. 
T.S7.Com.dat ApnL81,1809). Rew.S0.|s......180 

XLEV. 

On the refimhg of Lead, with Temaahs on the inoenvenianoe of Ash and 

the denari^ ofa new and edmemieal Method of oenstraetiag Cnpeb or 
reining Vessde. Read in the Freneh National Institnte. By C. Dnh^, 
mmaber of the lastitnte, and Insp ee t or of Mines. Jooraal des Mines, 

No. 64. PUL Mag. T. 14........ 

XLV. 

Maahiae far aakkg Slate Peneils. By John Bnaokhenk* of WUrlpipin, nsfr, 
Whhehavmk T. 8. A. v. 87. Cem.datMay 1,1800. Bow. 18 gs.108 

XLVI. 

A FaMbendh, far wqaaliaing the Water fidUiv en Water Wheels By Aeosge 
<Qnnyle, of Leaden. T.S.A.V.U. iGom.dal.Aprai8,17a8. Mow.«avnr 
modal ....... 106 

JCLVn. 

MaMdaofar mBmiiff Bhi up By Be^amhi Stett, nt Wm ^ 

fas 'gdinway, B e a n o aisey-olriet, South week. «A. 

▼.84. OMnrd^dmnlSkdSOtk Bew. aOfS. 
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UUV. 
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r ieo goiog to the ootaido of the Hoom. Bj G. Monholi, 1ft, Ce^-ooort, 

Mortio’o Lne, Lnodoo. T. S. A. r. 18.1810. Bow. 15 go..S5S 

liXV. 

A Boak>eooa Bolt, bj wUeh both Doors ore seeorad ood opeood ot ooee. By 
Peter Herbert, tt. Bow-street, Coreot-Gordeo, Loodoo. T. 8. A. v. tft. 
1805. Con. dot Dee. tl, 1804. Row. 10 ge».254 

LX VI. 

Innreved Door Inteh. Bj Joho Aotis, of PohMok, oeor Leeds. T. 8. A. r. St. 
Con. dot. April t, 1804. Row. siirer ssedol..tftft 

LX VII. 

A Peroaee or Breporater for the ose ^ Cheniats, Preperer s of Sdts, 4ce. By 
Hesoy Brows of Derby. T. 8. A. r. IS. 1704. Cook dot. Job. tl, 1704. 

Row. gold .. 

LXVllL 

Method of onoUsiag the Motioo of the Soils of Windiulls. By Willion Cobitt, 
of Bortoo Wood MiUs, North Wolshon, io Norfolk. Bogiooer^Patoot.— 
Speeit dob May 0 , 1807. R. A. r. 11, N.*S. ..857 

LXIX. 

loToatieas for the inproveoieat of Naval Arohitoetoro, ibr nBre o shn the Cessferts 
«f Mariaers, aad for fanilitatiog Naval BBtetprises. By R. Trevithick and 
R. Djekiaseo. Fran a proopeotaa, droalated by ttan, of a Pateot they had 
ebtsiaed PhD. Mv. S4. .• • ..... S60 

LXX. 

Method of MaBaftetaring Iraa and Sted Wire, free fran Dm aurks eftoe Piaoers, 
aod of readeriag it perCsetly stiaighb By Moa^el. B* A. v. 16, 

.... >78 

LXXI. 

Method of preveatiag Worknea Aon betog iqfared the aseapo of sndl Plv> 
tkioa of IfOB or Stoae, is the diy-griadiBg or peiatlBg «{ NooMes. By 
George Prior, Jaa. of OOey, Yoriuihiio. T. 8. A. v. tl. Csbu dab Mar. 1, 
mt. Re#.Mgs...S81 

Lxxn. 

A mh aad snoBomlnal Made of bonlag the Wood Hhaviy la Wark shq^a, aad 
the Heat to asefhl p w peae s . By Joseph Davis, Ca flni hn a t r o e t , 
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LXXV. 

Aa iapravai 8hep4o«rd for TaBon, bj wldoh tiM dlMMM tn obrktod ts «yek 

this elaw of portoM ore snigoctv % Sumd Bamlrt, Colo Hu^oor- 
■Iraot, Lo o dao. T. 8 . A. ▼. U. Con. di^ Mar^ U, 181t. Bow* 
aOvar aiddal aad 10 ....»»S 0 A 

LXXVL 
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Ughahiro, T> 8 < A, t, 11, Conia dab Feb, U, 1812. Rew. aOrer aiedaL,. SOO 

Lxxvn. 
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LXXVI1I. 
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LXXIX. 
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LXXX. 
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laad. T. 8 . A. v. SI. Cons, dab Oob 1812. Rew. nlver nse^....SOO 

LXXXl. 
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LXXXII. 
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Peat, nooaisbury-sqaare, Loadoa. T. 8. A. v. SI. Con. dab Oob 24, 
1812. Rew. gold nedal.... SOO 

LXXXIII. 
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Polygaa. By H. R. Pafaaer, Hackney, near Loadoa. T. 8. A. v. 81, 181S. 

Coab dab MarA S, 181S. Row. silver nedal. .. S14 


LXXXIV. 

Ceatre-bita, for boring cirenlar Holes of different Diansetera throBg^ 
Boards, without wasting the Pieces which are cut oab By Janes Stone, SO, 
WarwM-atreet, Qolden-a«iaare, Loadoa. T. S. A. v. SI, 181S. Con. dated 

Maroh S, 1813. Row. » ga.... 

LXXXV. 

Met h od of coBstruetiag a Forcug Pnu^ ia Wood, to rake Water fnin 
deep WoRs. By John Stopheaa, of Reading. T. S. A. v. SI, 181S. Com. dab 

April f, 181S. Row. ailvor nedaL... 

LXXXVl. 
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LXXXVU 
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HaaliiM for tM PUm under Wnter. By John Fodds, Enmeer to 4be 

Loaioii Bridge Weter Works. T. 8. A. ▼. IS, 1705. Sew. gold modal.,.. M7 

CIV. 

Maehiiies for Boot and Shoe-makers, to i^retent the diseases to idiioh they mre sob- S68 
jeotod by the ordinary method of working, via.— 

maohinb 1. * 

For Boot and Shoe-makers. By A. Staas, 18, Porter-street, Newport Market, 
London. T. S. A. t. 24, 1806. Com. dat May 16, 1805. Rew. 10 gs. S60 


MACHINE II. 
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For Boot and Shoe-makers. By Joseph Ring, 4, Mdberry-conrt, near toe Bank, 
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CV. 
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CVI. 
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By Thomas Sainshaw, of London. Published by order of toe CMamissioners 
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evil. 

Construction irf Timekeepers for ascertaining toe Longitude at See; deUrered to toe 
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CVIII. 
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Aylesbnry-street, Clerkenwell, London. T. S. A. «. 22, 1804. Com. dat 
March 25, 1804. Row. 80 gs.494 

CIX. 

Method pf Banking a Timekeeper. By William Hardy, 61, Chapd-street, near 
White Condut House, London. T. 8 . A. v. 22, 1804. Com. dat Jan. 18, 
1804. Row. 80 gs.......... 400 

CX. 

Permanent Compensation Balance for a Thnekeeper. By William Hardy, 8 , New 
North-street Red lion square, London. T. 8 . A. r. 28,1805. Cons, dat Fd>. 

12,1805. Rew. SO gs....... 408 

CXL 

Escapement for a Watoh. By Jdu De Laftma. T. 8 . A. t.' 19, 1891. Caa. 
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CXll^ 

Detadied Escapement for a Watoh. By J^ Prior, of Nesafidd, near Sk^ton in . 
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* CXtlL 

A uautieal Watch. By Robert Leslie, 18, Aldnpgate-street Lcmden.—^Patent—> 
IUA.v.2,1785. .. 417 

OKIV. 
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CXVI. 
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CXVII. 
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CXIX. 
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cxx. 
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CXXI. 

laiacoved Baeapeanata for Peadaloak Qoaka. By Bdward Maaaay, of Haaley, 
Staffordalm T. 8. A. r. 81, 1808. Coou dat. Manh IT, 1808. Raw. 
<59. . 484 

CXXll. 
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SkiptOB m CraTOB, Yarkahira. T A A. r. 81. 1808. Rew. 80 ga. ...... 487 

CXXUI. 

lamroved Strikiag Part for aa Bighi.daya' Oeek. By Bdward Maaaay, of Haaiay, 
ia Staffordabira. T. A A. t. 81, 1808. Cam. dat. Jaa. lA 1808. Raw. 

80 ga..488 

CXXIV. 

CoaqieaaatiaB PeadalaBb By Aden Reid, of Giaea’a^. Waalwieh. T. A A. 
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CXXV. 

By Hoary Wald, of Blaadfbrd, ia Doraetribhre. T.AA 
V. 86,1807. Caak dat. March 8, f80A Raw. aaTcr no dal ...».441 

CXXVI. 

CaavaaaarioaPaadaiM. By David Ritchk, No. 8, Plia h a a et re ct , PereeTil-atMet. 

*" Oaikaawall. Loadoa. T. A A. v. 80, I81A Cam. dat Mareh 84,1818. 

Raw.80 ga........... 

CXXVU. 

A Jheit Peadalan to vibiato Baeaada. By Bobart LaaUa, U, AJderagate-atreet, 
Undaa^Pataat^Tam aspncd. B. A. t.8, 1796. .. 448 

GXXYin. 

lMprov.ad Strikiag Part tor ap Bi^t-dpya’ Cloek, wUhoat a IWa of Wha^, aad 
tho Motioa of which to darirad ham tha Paadalan. By Hem Wai^ of 
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Class 


-Inventions relative to ‘Philosophical Apparatus 
and the Fine Arts. 
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CXXXIX. 

Aa Memurt of • IfctlMd ef Aividiaf wtowioaieal «b 4 oil oUtor Iiirti —witi, Sf oeolor 
lospeetioo; ia whieh the Toolt ft>r |;niidiutuig ire not employed ; till 
wlMitn operntioo beiBC m ooatiiTod* tet aoBTroreia ooev bat whit m ehirf*- 
aUo to ViiHto* whoa aniitod by ike bmt optioal nniai afvieiviBil' wd Bomr- 
inf ninate qaiatitiei. By Edward Troofbtmi, Mithemiticil Instraineat 
Maker, London. PfaiL Trau. 1809. Conuraniisated by the Aatronoraer Royal. 
Bead beCM* the Roy. Soo. Feb.S, 1809. ..... 1 

CXL. 

On an lapitrioneat in the Mannar of dividing Aatroumdeal Inatnunenta. By' 
Henry Carendiah, Baq. F. R. S. Phil. Trana. 1809. Read to the Roy. Soc. 

May 18.1800.. $1 

CXU. 

On n Method efexaaiiaing the Diekiona ef Aatoeneaueal Inatnunenta. ByWflUaa 
l 4 ». A. M. F< B> S. Lowndea’a Profbaaor of Aatroanniy in the Ihuveiaito of 
C^biidge. Coetmenicatod in a letter to Da. Ma^elyne. F. R. R. Phil. 
Trane. 1800. Read to the Roy. Soo. May 18, 1800. ... 88 

CXUI. 

An Inatmtocnt for draadog EUipaea. By John Fhrej, jtn. of UpfMt Crevm<atreal. 
Weaftndnater. T* 9^ A* 81.1818. Com. dau Marob 8 « 1818. Raw. gold 
medaL. 48 

CXUII. 

Method of tranaConiagPietnrea to new Gronnda. By Robort Sabnon. of WobuOa 
Clerk of the worMto the Dake of Bedford. T. S. A. r. 15* 1797. Conudat. 

Dee. 6,1706. Rew. greater ailver pallet ... 64 

' CXLIV. 

Method ef preaarving and of reyruraig the Defecta of the Canyaaa of Oil Paiatiaga. 

„ RyClwrIaa WiUoa.Woroeater'atreBt. Sopthwark. T.S. A*t-*1i 1818{ Cain, 
dat Mareh 16,1818. Rew. 10 ga. 60 

CXLV. 

P repar a tion of coloorleaa Ox-gall for Paiatera in Water-coloora. By Peltro WOliam/ 
Tomkina, Hiat Painter to the Qneen, New Bond-atreet, lAodon. T. S. A. 

T. 81.1818. Com. dat April SO, 1818. Row. leaaer gold medal. 61 

CXLVI. 

Method of ooneentrating Ox-gall whieh nuy be preaerred any length of time, ana 
readOy pwpared aa reqnved, for the nae of Paintera. By Riohard Cathery. 

14. Maav Bow, London. T. 8 . A. t. 98,1810. Bow. 10 ga. 68 

CXLVn. 

Method of preparing OQ OoUmr Cakea, By George Blaekman, of Imndon. T. S. A.f 
T. 11.1794. CflNB. dat Fob. 18,1794. Rew. greater silTorpallnt and 90 ga. 64 
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CXLVIIl. 

ProoeM for prodooin^ the of ■tained Ihvwmgi in Water Coloon. »y 

PranoH Niehohon, of Ripon, Yorksbire. T. S. A. t, IT, 1790. Rew. 30 g>. 65 

CXUX. 

A aiiiical Ootant, for Ukiag Altitude*. By L. Byron, of Prinee’a-a^oate, 

St. George’s East, London. T. S. A. v. 32,1814. Cum. dat. Nov. 10,1818. 

Rew. stiver medal. 67 

CL, 

A Centro-linead, for drawing lines towards inaccessible Vanishing Point*. By 
Peter Nicholson, of No. 10, Oxford-street, London, architect T. S. A. v. 32, 

1814. Com. dat. April IS, 1814. Row. 20 .. 70 

CU. 

An Instniment for drawing Lines towards an inaccessible Centre. By Jr^hn F-"> 
jnn. Crown-street. We8tmin>ter. T. S. A. v, 32, 1814. Cunt. ■ 

April 18, 1814. Rew. silver medal... 

CLII. 

A Perspeetograph, or Instrument for drawing Objects in Perspective. By Edmund 
Tnrrell, of Gee-street, Clarendon-square, Sonier’s-Town, London. T. S. A. 

T. 32, 1814. Rew. silver medal. 

CLIII. 

Application of Steatites, or French Chalk, to the imitation of Engraving and Carv¬ 
ing on precious Stones, Ac. ... 80 

CLIV. 

Report of the Committee appointed by the Royal Sodety to rcnsider of the best 
Method of adjusting the fixed Points of Thermometers ; and of the Precautions 
necessary to be used in making Experiments with those Instruments. The 
names of the members of the Committee by whom the Report was signed, ere 
H. CsvemUsh, W. lleberden, AJua. Aubwt, J. A. De Luc, N. Maskelyn'e, 

S. Horsley,!. Planta. Tr. Rov. Soc. v. 67. Read to the Roy. Soc. June 19, 

and Dec. 28. 1777.. *3 

CLV. 

Methods of grinding and polishing Glasses and Mirrors for Telescopes, Micro¬ 
scopes and other Optical purposes, with remarks on Telescopes in general, in 
Eight Easays, vir •— 

ESSAY I. 

The Method of grinding and polishing Gfasses for Telescopes. Compiled by 
Robert Smith, iJL-D. from papers presented to him by the Hononrahle 
Samuel Molyneux, with additions from the w'orks of Huygens. First pub¬ 
lished in 1738, by the eaki Dr. Smith, u his *' Complete System of 

Optica.” .1®® 

ESSAY II. 

A Method of working the Ohject-glassee of Refracting Telescopes truly sphe- 
ricsl. By James Short, F. R. S. Philo*. Trans, v. h9, 1769. Read to the 

Roy. Soc! Jan. 25. .129 

ESSAY III. 

The Method of casting, grinding, and politking Mirrors for Tel^oi^s, 
Begun by the Hon. Samuel Molyneux, and couti^d by John Hadley, 
Vice-president of the Royal Society; the continuation be^ning at article 
62, p. 137. First published along with Esaay I, by Dr. Smith.1»3 

ESSAY IV, 

Method of centering an Objeot-|^. Dr. Smith’s Optics, p. 112. Edition 

of 1788... 

63. VOL. II. * 
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CLXIV. 


Pege, 


Aa iBitnunmt tor drawing EllipMt. By Willinm Cobitt, of Ipswich. Com. dnt. 
April89, 1816. T. S. A. ▼. 84, 1816. How. sUtI^ medaL.. 278 

CLXV. 

An Angnlometer, or Instroment for meunring Angies, &o. By Tboraas Barber, of 
Prinees-slreet, Soho, London. T. S. A. r. 84, 1816. Rew. aUver Isis medal. 282 

CLXVI. 

Method of preparing Charcoal, to answer the pnrpost. of Black-chalk in Drawing. 

By C. Pye, 27, Enston-plaoe, Enston-aqnaro, London. T. 8. A. t. 84, 1816. 
Com. daC Mot. 17, 1815. Rew.sOrer Isis medaL.. 285 

CLXVII. 

An ImproTcment of the Theodolite; and a new method of ontting an aceorate 
Screw. By James Allan, Blewitt’s Bnildings, Fetter-lane, London, Mathema¬ 
tical Instrument-maker. T. S. A. t. 34, 1816. Com. d.t.Jan. 82. 1616. 
Rew. silver Isis medal.....286 

CLXVIII. 

Dissertations on Painting in Oil, in a manner similar to that practised in the 
ancient Venetian School. By Timothy Sheldrake, of the Strand, London. 

Dissertation I.—^T. S. A. t. 16, 1798. Com. dat. Feb. 14, 1796. Rew. 
greater silver palleL...289 

Dissertation II.—On the Preparation of linseed Oil for Painting, and of Var¬ 
nishes. T. S. A. r. 17, 1799. 296 

Dissertation III.—On the Mature and Preparation of Drying Oils, with a view 
to the Improvement of such as are need by Artists. T. S. A. V. 19, 1801. 

Com. dat. Feb. 1801 . 298 

CLXIX. 

A Perspectograph, or Instrument for drawing in Perspective. By Thomas Allason, 
of Westbouru Green, Paddington, London. T. S. A. v. 84, 1816. Com. dat. 
March 20, 1816. Rew. silver medal...808 


Class III.— Inventions relative to Rural and Domestic 
Economy, and Miscellanies. 

CLXX. 

Method of Ventilating Hospitals, &c. By Sir George Onesipboros PanI, Baronet. 

T. S. A. v. 19, 1801. Com. dat. Grosvenor-street, London, May 80, 1801. .. 80S 

CLXXI. 

A portable Fire Ladder Escape. By Adam Young, jnn. of Bary-ntreet,BIoomsbary- 
sqnare, London. T. S. A. v. 81, 1818. Com. dat. April 21, 1818. Rew. 

leaser silver medal and Sgs...... 816 

GLXXII. “ 

Apparatns to sehure Persona from sinking in Water, or to act as a Life-preserver wnen 
shipwrecked. By F. C. Daniel, of Wappmg, Londoi. T. S. A. v. 26, 1807. 

Com. dat. OoL 22,1806. Rew. gold medal. ....817 

CLXXIII. 

A Wheel Drag for two-wheeled Carriages. By Joseph Rneelmne, of Mararion, 
Cordvfainer; snggested by the distress whi^ he bid experienced in desoending 
steep hills, when occasionally employed as a Carter. T. S. A v. IS, 1706. 
Communicated by Richard Moyle, dat. Deo. 26, 1794. Rew. 20 gs. ..*••• 820 

CLXXIV. 

Aa faqiroved Stop or Drag for Carriages. By John Rqwon, Millwright and Brass 
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APPENDIX. 


jDesfcnj/iion of an impi oved Mclhod of giving Motion 

to a Pendulmn. 

TtiK application ot tlio pendulum to clocks produced at 
once sucli un accurate mensuration of time, v.s to render that 
in\enliuii conspicuous amongst the most important modern dis- 
cu\erics; and the balance, which had for ages so imperfectly 
prt‘-t»ccupled its place, is now almost consigned to oblivion. 

Although therhode of communicating motion to the pendu- 
luju of a ch)ck appears to be very complete; yet, on a strict 
examination, it will be found to have some defects, which render 
its further imprtivement \ery desirable. 

Wh alc\er may be the nature of the escapement, that con¬ 
trivance may be reckoned tile best, wliich transmits to the pen¬ 
dulum the impulse of the wheel, with the least lost of power; 
but, in practice, the wheel and pallets, and crutch-pin and 
pendulum-rod, cannot act in the same, but in parallel planes. 
The pendidum will therefore rather receive an obiicjue impulse 
from the criilch, by its bonding at each stroke, and if the rod 
be made still* and strong to prevent bending, whilst a part of the 
motion of the trutch promotes, another part absolutely opposes 
the motion of the pendulum ; for, since the crutch-pin must 
pass through llie .slit in the pendulum-rod with some shake, 
which will be continually increasing by wear, and since it can 
only be in contact with one side of the rod at any moment of 
lime, it will be alternately struck by either side of tbe crulch- 
pin leaping from one side of tbe pendulum-rod to theotlier; 
thus, during the ascent of the pendulum, the lower side of the 
rod is impelled by the ascending side of the crutch-pin, but 
when the pallet drops from the wheel, the crutch-pin will drop 
on the ascending side of the pendulum-rod, checking its pro¬ 
gress, and opposing by its weight the arc of vibration. It is 
proved hy c.xporimcnt, that no inconsidcralilc part of the motive 
force is in this way dissipated ; and it is the object ol the pre¬ 
sent paper to show', that this double drop and weight, and bend¬ 
ing of the crutch, may be entirely obviated. 

It is proposed to Hx the crutch to the axis of tbe verge, in 
the usual way ; and in the suspension of the penduium, the only 
change is, that the spring on which the pendulum is suspended, 
when included in the slit of the cock, should there be held fast. 
This is never well done by a pin, but may he efl’ectually done by 
means of a screw, which both presses the surfaces together. 


• Tlie Soriotv tor tlio Kii('onr.i«cji»i’nt of Arts voted D. Ritchie, for thU 
iiiveii'ion, llicir Gohl Isis Medal and thirty guineas 

70. VOL. n. *3 H 
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and prevents separation. Let it further be supposed, that the 
front and back surfaces of the bar which forms the ponduluin- 
rud, are formed into parallel ptanes, so that, when the axis of 
the verge is set truly level, and the pendulum su.spended, those 
planes may cut the axis of the verge at right angles. 

To the middle of the back of the pendulum-rod, and at the 
distance of the crutch from the line oi suspension, is fastened a 
flat piece of rectangular steel, having a part at each end bent 
into planes at right angles to its surface; these ends must be 
equidistant, and parallel to u plane passing through llie axis of 
the verge and the axis of the pendulum, and therefore parallel 
to each other. In the ends of this piece are cut rectangular 
notches parallel to the pendulum-rod, into which a hardeneu and 
tempered watch-chain is tixcd, and this chain should be perfectly 
horizontal when the pendulum is at rest; if sbould also be just 
free of the front of the peiuiuluin-rod. The .steel piece has 
cylindric grooves cut on the outside of each end, at the 
extremities of the chain, which are parallel t(» the axis of the 
verge: the extreme links must be made double the thickness of 
the chain, by having a link riveted on each side, and the steel 
piece should be hardened and tempered. To put the chain in 
its place, press the tw o ends of the steel piece to approach each 
other, which the springing of the inulerial will admit, and insert 
the chain, so that the last double outside links are found to 
snap into the cylindric grooves; Ibis will secure it, and the 
elasticity of the piece will keep the chain in a ctnisluut state 
of tension; thus the whole apparatus is fixed to tlie pendulum, 
and becomes u part of it. 

In the end of the crutch is fixed a rectangular prism, having 
a rectangular groove in it, but both the external aud internal 
sides must be parallel to the axis of the verge. In this groove 
a piece of brass is made to slide backward and forward, and 
may be fastened in any position, by u finger screw on the lower 
side. The end of this piece, next the pendulum-rod, is at right 
msgles to tlie horizontal sides of the groove, and forms a rect¬ 
angle of 2-tentbs by 5-tenths of an inch. This surface must be 
accurately parallel to the penjlulum-rud, or. what is the same 
tiling, perpendicular to the axis of (he verge; a prismatic cover, 
of the same dimensions, is fitted to it by two steady pins. A 
finger-screw, the head of which is on the back of the paodulum- 
rod,, passes freely through the cover, is screwed into the end of 
the slider, and its shoulder bears against the cover; a bole is 
cut through the pendulum-rod, to clear the screw and cover, 
and by tiiis screw the two surfaces are brought) into contact. 
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and by unscrewing it, tbe cover is raised by the exertion of a 
spring inserted between the two surfaces; between these, the 
chain already described is to pass. 

Tbe spring by which tbe pendulum is suspended, should be 
of steel hardened and tempered, not more than half an inch in 
length, and about the same breadth ; it should be pierced in the 
middle, and that part of it which bends, need not exceed tbe 
tenth of an inch in breadth. The axis of the verge, if produced, 
should pass through the plane of the spring, and should be set 
truly horizontal, by placing a spirit-level on the two ends of the 
arbour, these ends being previously made cylindrical and of 
e(|ual diameters ; and when the pendulum, with its chain passing 
between the sliding piece and cover, is suspended and at rest, the 
eff ect of gravity will give the rod a position at right angles to the 
horizon aiidtotheaxis of the verge,and parallel to the frameplate. 

This being thus disposed, move the sliding piece until its 
end comes into contact with the chain, and by means of the 
liiiger-screw beneath the piece, fasten it in that position; and, 
lastly, the axis of the crutch being placed in the same plane as 
the axis of the pendulum-rod, wdiicli its gravity will nearly effect, 
turn the finger-screw at the back of the pendulum, and clip the 
chain fast between the end of the slider and its cover. By these 
means the pallets, crutch, and pendulum, are locked together, 
and the whole braced by a kind of rectangular framing, of which 
the crutch and pendulum-rod, and axis of the verge and sliding 
piece, are the opposite sides, the whole vibrating together with 
one uniform, uninterrupted motion. The double drop can no 
longer exist, nor the springing of the crutch, nor its weight on 
the pivots of the verge, for it is supported by the pendulum, of 
which the line of suspension is without friction. This line of 
suspension is but a continuation of the axis of the verge, or the 
same right line produced ; and therefore any point taken either 
in the crutch or pendulum-rod, will describe concentric circles. 

In plate CV, fig. 1, is a side view of the crutch-cock and 
part of the pendnium bar; a a, the clock plate ; 6, part of the 
verge; c, the crutch ; d, the pendulum bar, having the part e e, 
in section as far as the dotted line e e, fig. 3; f, the slider and 
clip, serving instead of the cruteb-pin; g, the slider screw; 
h, the clip screw; i, the grooved part of the crutch; k, the 
cover, into which the screw g and steady pins of the slider fasten, 
to fix it to the grooved piece of the crutch. 

Fig. 2, shows the parts separated ; h, the cover of the sliding 
lip; m, the spring which opens the cover when the screw h is 
oosened. 

Fig. 3, the back view of the pcmlulum bar; n n, the steel 
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spring which extends the chain ; o, the opening in the pendulum 
bar, to make room tor the slider clip ancl screw. 

Fig. 4. a sectinn of the pendulum bar aj^o^e the spring n, 
showing a bird’s eye view' of the slider dip and spring n; 
p th« chain extended by the spring n it» which the ilider clip 
holds, and attaches the crutch to the pendulum ; q q, figs. 1, 4, 
and 5^ the slits in the spring n. which receive the chain p. 

Fig. 5^ r r, the cylindric groove at the bottom of the slit q, 
into which the thickened ends of (he chain p snap, and are kept 
ia their places. 

Fig. G, a front view of part of the pendulum bar, showing 
the spring n n, chain p p, and the opening. 

Fig. 7, a bird's eye view of a section of the clock plate a a, 
and pendulum bar d, showing u slip of brass which is laid in the 
siiti q q q{ the spring n ti, bv the workmen, to know whether 
the pendulum vibrates parallel to the clock plate, which is quite 
necessary ; t two pins in another slip of brass v r. laid in 
notches UJ w. In the clock plat^ these pins nearly touch the 
slip s s, to show’ the error, if any, of the pendulum's vibrations. 

The same eflect may be produced by the following means, if 
thought preferable. 

Fig. 8. A represents u brass piece which is screwed to the 
pendulum rod, at a proper place, by Iwfo screws that puss through 
the boles mm. 

a* a:. Represent two small steel cylinders, which slide in 
cylindrical holes, exactl> in the same line as the two adjusting 
screw's ?/ y. 

z,. Represents the end of the orutch pin, held between the 
1 wo cylinders a: a, each of w hich is pressed firmly against the 
crutch pin by the screws // y. 

Fig. 9, represeuU a section of fig. 8, by a plane pa.ssing 
through the screws y y, fig. 8, the same letters being applied to 
the ^ame p^rts. 

It is evident that, the crutch pin may be shifted to the right 
or leff» a* occasion may require, by slackening one of the ad¬ 
justing screws, and tigl^tening the other. It may not be wholly 
superfijii^Ms to state, that this is the adjustment for setting the 
<rlopk in beat, 

The pendulum should be snlTercd to find its place of rest 
after the clock is fixed, that it may pwing parallel to the clock 
plated which it will do, if the 9 lock is fixed in a perpendicular 
position. The adjuijtiiig screws may then be applied, to close 
the cylinders x x upon*" the crutch pin z, after which the clock 
may be brought to beat by using the adjiustitig screws' as before 
described. 
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Jhtproved Pulley Blocks: 

>« 

Thig palley iiS a machine of so much simplicity, portability, 
and powel*, a the nse of it extends to cases of such frequent 
recurrence, that it might be expected to have long since rCachedf 
the utmost limit of improvement in its construction. It is well 
known however, to practical mechanics, that the improvements 
of tackle blocks, which have hitherto been proposed, are of 
such doubtful excellence for general purposes as to be seldom 
employed ; nor has the attempt to produce an unexceptionable 
construction been often made, a circumstance which in this 
case seems scarcely to be explained but by the apparent diffi¬ 
culty of the task. To elucidate more clearly the merits of the 
present invention, it may not be improper to advert to the diffi- 
< «ilti{‘s which it was intended to obviate, and to the degree in 
which these difficulties have been overcome by the inventions 
*>l' others. 

Tiie imperfections of common blocks are so well known to 
all persons who are in the babit of using them, and are in fact 
"o obvious to the most cursory observer, that it would be super- 
(liious to mention them, were it not necessary to state the evil 
lor which a remedy is proposed. When there is more than one 
sheave iir the same block, the fall or end of the rope to which 
the power is applied, comes last over the outside sheave; aud 
that sheave, if the exertion of the power is in a line nearly 
parallel to the direction in which the load is drawn, always 
endeavours to get into a line with the point of suspension, and 
ihe place where I he power is exerted ; for the great friction to 
be overcome, preventing the equal transmission of the power 
Ihronghout the combination ; and the ontside sheave having to 
sustain, not only the pressure of its own share of the load, but 
the additional strain sufficient to overcome the friction of all tbe 
other parts of the blocks, and tbe vis inerticE of the entire load; 
it must, therefore', he considerably depressed, and in coase- 
cjuencc of this oblique direction of the block, the lateral friction 
of the sheaves become so great, us in some cases nearly to 
equal the power. 

Again, if the tackle-fall is drawn in a direction making a 
considerable angle with that of the loud, the sheave it passes 


* TIk' Society for tlie F.iX'onrafjeinent of Arts, A’c. voted their silver medal, 
for fills iiivenlioii, to James Jones, of High lloihorn, London. 
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over tends very powerfully to get into o right line with the point 
of saspensioti and the power as before; but in this case the ill 
effects are of rather a difl'erent hind; for altbmigh the bk>ck is 
not so mncb depressed on one side as in the other case, it does 
not face the pail; that is, the aais of the sheaves does not stand 
at right angl« with the fail, but is considerably twisted firum i4» 
and consequently tbe rope suffers violent fiiction and wear 
against the edge of tbe cheek of tbe blook. The evils here 
}>otnted eat are rapidly increased by tbe extension of tbe combi¬ 
nation ; it is, therefore, not snrprising that the multiplication 
of pulleys, thus used, soon ceases to be advantageous. 

The first attempt, of indisputable excelltmce, to remove the 
imperfections of the common method of combination, was that 
of the celebrated Smeatun, who brought the fall through Che 
middle sheave by means of double tiers : but as his urrangenient 
does not apply to any combination of loss than twelve ; as such 
great strains are not frequently required, and there is consider¬ 
able loss of heigltt, it is, though so perfect in itself, very seldom 
used. 

The next improvement proposed, of any note, appears to 
have been that of Garnett, who obtained a patent for bis meiliod 
of avoiding friction by the introfluotion of friction rollers into 
each sheave; but this plan being expensive, soon out of repair, 
and not tending to remove the imperfections of lateral drag or 
twist by any change in the combination, did not come much into 
use, 'i’hen followed White’s patent concentric pulleys, which, 
having the same tendency to drag on one side as the common 
blocks, laboured under tbe same difficulties, namely, great 
lateral friction and obliquity of draught; to which may be also 
added, a great increase of friction, arising from the speedy loss 
of the relative proportion of the diameters of the several grooves, 
occasioned by the stretch and wear of the rope. Thus, suppose 
we take a ro|>e of an inch diameter, which being added to the 
several grooves in the top sheave, for instance, shall witli its 
respective groove give the^proportionate oompoiiod diameters 
of S, 4, 6: that is, a 3-inch groove, with the semi-diameter of 
tbe rope on each side, is four inches; a 7-inch groove with its 
rope is eight inches, and a 11-iooh groove with its rope is twelve 
inch^. Now, supposing the rope to stretch and wear so much 
as to reduce it to 8-tentba of an inch, the proportion of tlie 
respective compound diameters will then be 2, 4»105, ^,210, 
being 3.8 inches, 7.8 inches, and 11.8 inches, whereas, to pre¬ 
serve tbe just proportion, tlmy ought to be 3.8, 7.6, and 11.4 
inches; that is, as 2 1 4 J13.8; 7.6 j and as 2; 6 s; 3.8:11.4* Xhus 
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the proportioD of the grooves is entirely!' lost, the second one 
being t wok tenths of an inch, and the third being four-tenths of 
an inch too large; and consequent!)!, in use, ail tlie groovev 
except the largest, both in tlie top and bottom blocks, (for the| 
lu^ equally affected by the dimiouUon of the diameter of the 
rope,) must revolve so much slower than tlie rupr which passes 
over them, as to create an immense accession of friction, tliereliy 
aflding greatly to the load, and very speedily wearing out both 
blocks and rope. These are imperfections of such magnitude, 
that no one can be surprised at the discontinuance of the use of 
pulleys thus constructed. 

The latest improvement of tackle blocks is that of Lieut. 
Shuidham, and consists of White’s pulley doubled, base to base, 
with two friction wheels in the cheeks of the block, for the axis 
of the compound sheave to revolve on. 

Blocks constructed upon this principle are compact, and 
may in some cases be useful; but it is obvious, there must always 
apply to them the objections which have been above stated to 
IlKJse proposed by White himself; and as the diameters of the 
(-onceritric pulleys must be understood as taken to tlie centre of 
the rope, the mere alteration of the figure of the rope by pres¬ 
sure, and before it has begun to wear, will be a source of fric¬ 
tion, by destroying the relative proportion upon which its proper 
action depends. The friction wheel upon which each end of the 
axis of Lieut. Shuldbam’s compound pulley rests, is large, and well 
constructed to prevent its getting out of order ; but it is chiefly 
eflicient in a construction like his, that is, where many pulleys 
are formed upon the same piece of wood or metal, and fixed to 
the same axis : the use of friction rollers must be considered 
inapplicable, to each single sheave of a series turning separately 
but concentrically—a case in which they are most conveniently 
placed upon the same fixed axis. 

Plate GVI, fig. I, exhibits a perspective view of a pair of 
xmi blocks of seven sheaves, of which fig. 2 is a section, and 
%. 3 is a front view of the top block. 

It will be seen that the rope is fastened to one of the parti- 
fion piate%in the bottom block at A, whence it passes over the 
outside sheave at top, then under the outside sheave at bot¬ 
tom, whence it is transfei-red over to the other side by means 
of the cross sheave B, at top ; it then descends to the outside 
iilieave at bottom, turns up to and over the outside sheave at 
top. under the centre sheave at bottom, and thence comes out 
over the centre sheave at top, and consequently has no tendency 
to twist or to drag on one .side. 
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J»n€s’ impruved fulti-if bUteki. 


A small rope or line C is attached to a bent wedge or gripe 
D, which lies on the fall in the centre sheave (as may be more 
distinctly seen in figs. 2 and 3.) fortlie purpose of retaining the 
load, if the fall is let go, either by accident or design. It is 
evident that on the return of the fall, the wedge D, if not held 
back by the rope C, will be carried in by the fall, and by taking 
its bearing against the collet £, will be jammed so fast against 
the sheave, as to retain it in opposition to any force tending to 
draw the fall through. The fall may be instuntly released, and 
the load lowered, by drawing the fall just suflicieiit to liberate the 
wedge, which may then be held by the line C passing over the 
small roller F, and might be drawn entirely out of the block, but 
for the pin G, inserted into the wrnige, and which stops against 
the collet E. 

Fig. 4 is a front view of a pair of wooden blocks of four 
sheaves (being the lowest coinbinutioii of which this method is 
susceptible,) and fig. ;> is a horizontal section of the lower bbx'k. 
showing the angular direction of the tw o sheave.s, which in this 
case is retjuisite, to avoid the necessity of making thtj cro.ss 
sheave so small as would be extremely detrimental to tlx'ir 
action. The ellipse shown in the view of the lower block, and 
the indentation in the front of the section, show the situatiem 
and form of a groove cut in the wood for the sake of lightness. 

The cross sheave in the lop block is contained in a shell ol 
metal, through which the strap passes, and thereby retains it in 
its proper situation, or the cross sheave may be coutained in a 
mortise cot across tlie other, either at right angles or diagonally, 
in the same piece of wood. 

The remaining figures in the plate, exhibit outlines of all 
combinations upon this plan, from five sheaves to twelve. In 
each figure the sheaves are numbered in their proper order, and 
the place of the ties is designated by a black dot. 

it will be obvious to-(lie experienced mechanic, that the 
improvement of tackle-blocks above described is not essentially 
different in principle from that of Smeaton; the fall in this 
method, as in his, passing immediately under the point of su.s- 
pension, effectually preserves the perpendicularity of position ; 
but with this important advantage, that the transfer from one 
side to the other is here effected by the intervention of only one 
sheave, instead of six, at least, employed for that purpose by 
SmeatoD; and this increased simplicity of constnicUon renders 
the present invention incomparably more applicable to general 
Durposes. 
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Augre, an, for boring turf, todrain boggy land, .. 

Anstin, account of his loom, to be worked by steam or water, ii.354 
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Baillet, bis account of the difTerent methods of blowing up rocks under water, i, .. 170 
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a compensation, cannot answer well, if the brass and steel be united by a 

solder of another metal, i.... • 
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Beans, the straw of, com .ms u saccharine juice, making line table-beer, and yielding 

an excellent spirit, ii. ..343 
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BOlingilej, hU machiae (or boring the cjlinders of steam-enginei, air pumps, &c> •• SS 

Birch, hii discover; of a method of preparin);-|>olash from dunghill water, i. BS7 

Bird, general view of bis process for dividing instruments, ii. 5 

-Uie first who rendered the usual divisions of the quadrant bisectiuiial, ii. 6 

Blackman, his method of preparing oil-colour cakes, ii. ^ 

Blasting, method of performing, on rocks under watt-i, i. 178 

Block, mooring, of cast-iron, i.. &7 

——-its superiority to an anchor, i. 58 

Blossoms, the, of whins or fnrre. medical properties of, ii.348 

Blowapipe, lirdro-pneumatic, for cheini>ts, ii.280 
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- to cause to produce a perfect and brilliant cone of flame Ircm a lamp, i. 289 
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-ships', preparation of for life-boats, .. 42 

Bobbin, regulation of the friction of, in spinning ulictls. i. .229 

Bodies, heavy, a law of statics relative to, .. 320 

Boiler, form of a, for inflaniinable matters, i.A. 170 


Boders, to prevent annoyance from the steam of, i.495 

Bolt, a book-case, bv wbitli both doors ore secuud mul opened nt imee, i.254 

Bolton, Capl. his machine to draw copper-bolts into and tiut of ships, i.315 

--his jurv-masts, i. 
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-■ to prepare a biown colour from, ..200 

. — ■ to prepare a white colour from, i.200 

- to purify linseed oil with, i.200 
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Bradley, Dr. bis directions for using the common micrometer, ii.-.246 
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Brais, united to iteel without solder, for the expansion pieces of a timekepeer, i... 402 

-use of a rim of, on a drawing boaid, ii.276 

-whj most proper for the gauges required by glass-grinders, ii.214 

-and steel, tlieir disposition to sepsrate, when soldered together, i.409 

Btheam, his boiler for iiiilaitiinable matters, i......170 

Breniner, his method of preparing and using ships’ boats as life-boats, i. 42 

Brewhouse, Meux's sixe of a vat in, i.^.329 

Brine, specific gravity of, for curing inackarel, i.305 

Brockbank, his machine fur forming slate pencils, i. 193 

Broom, to prepare flax from, ii.340 

Brown, his furnace or evaporator, fur cheiinsts, preparers of salts, &c. i.255 

Brunton, his pump to raise water, whilst wells are sinking or making, i. 145 

Buchanan, his account of the method of finishing the interior of walls, in some 6 

parts of the East Indies, i.245 

Bullock, his improved drawback lock, i.353 

Burners, the form of, fur gas, i. 6 

Busby, Ins plan tu save lockage water on canals, docks, and navigations, i.319 

Butler, a swivel-headed cliurii slufl', to facilitate the making of, ii.865 

Byron, Ins sinical octant, fur taking altitudes, ii. 67 
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Cables, capstan to render the surging of, unnecessary, i.246 

Cam, Le, method of laying tram-plates, ii.371 

Caisson, a moveable wrought-iroii one, for docking a ship while liding at her 

moorings, ..260 

Cakes, oil-colonr, to prepare, .. 94 

Calcin<i*ioii, eonverts old painted canvass into paint, ii.330 

Cani;)lior, po.serful action of, on copal, li.297 

(’anal, (iiand Junction, size of the largest lock of, i.329 

(Canals, tu save lockage water on, i.319 

Canvass, Mipio» ed method of pninliiig with oil-colouis, ii.. 328 

--old method of painting in the royal dock-yards, ii.329 

-old and wholly unserviceable painted, converted into paint, ii.330 

Capstan, descrijition of one which never requires the cable coiled round it to be 

surged, 1 .246 

Cards, iiiachine tor cutting and crooking the wires for, i. 94 

Carpets, method of preventing doors from dragging upon, ii...363 

(’airiage, n guard for the wheel of, in case of the linch-pin coining out, i.. 366 

Carriages, drag for, ii.320, 321 

Casks, empty, their use in converting ships’ boats into life-boats, i. 42 

Cast-iiun, to saw with facility, i.... 334 

Cattle, instruiiu'iit to discharge Uie air from the stomachs of hoven, ii.364 

-machine for washing roots to feed, ii. 361 

-machine to cut roots, &c. for, ii.. • • 369 

—— the water in which bean-straw lias been steeped, drunk by, with avidity, ii. y 342 
Cavendish, his improvement of the method of dividing astronomical instruments, ii. 31 
Ceiling renewal of, rent'ered unnecessary, when the ends only of its timbers are 

injured by the dry rot, ... HI 

Cement, applicable to damp walls, ii.349 

-glass-grinders, ii. .... 

- — - — resisting the action of fire and water, ii.. 350 

Centime, its valve, .. 

Centre, method of drawing lines towards on inaccessible, ii.70, 72 

Centre-bit, an expanding, ...•**'!.. 

Centru-linead, to draw lines towards inaccessible vanishing points, ii. •.••••....• 70 

Chain, repeating work for a watch without, i....* * * 

Chains, iron, advantage of grooves to receive both the flat and vertical links of, i. • 74 

.. expense of for 3 years, compared with that of ropes, i... 
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Citaint, lleubiUtj of, compared with rope*, i. ..70, 74 

. .— ' improTcd method of working, i.. Cti 

-— oval link* of the, twisted in making, so a* to produce much fiiclion in the 

oonuDOo mode of using them, i... 68 

. safer than rope*, i. W 

- - the expense of, not a fourtrentb part of that of cordage, i. 78 

« usnai objection* to their use, i... 08 

—— - will snstain as much weight when bent o^rr a pulle), at in a direct line, i.. 71 

- . . ■ work freelj in grooret, i. 6W 

Chalk, crajons of, to prepare, i.201 

Chalk, its use in parifyiag fish-oil, ■.213 

Chapmaui, his method of preaersing cordage, i. 15o 

Charcoal, the softest made of willow-wood, ..283 

- - to prepare in small ifuantilies, ii.28a 

- - to prepare, to answer the purpose of black lead iu drawing, u.283 

- . . - use of. in experiments with the blow-pipe, i.290 

■' willow-wood, used in polishing soft iiietaik, ii. 285 

Chemists, a farnare oi eiapomtor for, ..2<’i3 

- hvdro-pneumatic blow-pipe fo'r, ..28<» 

- muffles for their use, new mode of inapiif!i< luring, i. iM) 

Chembin, Pere, his method of polislmig leD«< s, n. 123 

ChroDometers, to prepare pure oli«e-«d lur, i.33a 

Churn, a swiiel-headed stafl'for, ii. 

Circle, a gauge to find the centre of, .. 31-1 


——an astroiiaiMical, precaution requisite iti tuiuin;; piiiK-i> t> ii' l>t mg 
disided, li... 


——— to diside according to the cenlesiiual diviMuu ot the quadrant, ii. 

Circles, astronomical, method of dniding. ii.-. 

Ciack-vak'e, for a pump, roiistrnction of, that ii.av !>•* easily repaired, t . 

Oaj, bad efl'ect of too much or too little, in the siiid u.sed for casting, ii. 

-use of for the soles of refining fiiriiares, .. 

Clegg, hi* method of forming the lamps or burner* for gas-ligbls, .. 

dock, a compensation pendulniii for, ..4oU, 441, 

-a detaciied escapement for, without spriugs, i. 

■ — n detached striking part for, without the u-.uttl tram of wheels, i... 

-an eqnation work for a, i... 

-application of a crank as an escapement for a, i... 

— a short pcndnlum fbr a, to vibrate seronds, i. 

— a striking part for dispensing with the usual train of wheels, barrel, and 

weight, .. 

—— esaa|»ement for, i..... 

— simple striking part for an eight-das*', i.. 

-a striking movement for, regulated by a peudulnm, i. 

— - remontoira escapement for a penduluni, i* ....... 

Clocks, equation, the history of, i..... 

■ ■ - improsed escapements for pendulum, . 

Clothing, dry, to secure during shipwreck, .. 

Cloth, linea, impteved method of painting with oil-colouis, ii... 

— piece of plain silk, made with (i3,ri30 meshes in the square inch, .. 

. te weave, of extremely fine qaality, li..... 

Clalow.tjfii* loon to weeve sacks, pockets, S c. without a side-saam, i. 

Coal, oannel, yields tha most gas for light, i. ...... • 

--improved machine for raising, i... 

. ■ one hundred weight of, produce* four pounds of tai, i. ... 

Ceu).tHr, contained in smoke, it* efieot* on timber exposed to it, i.. • 

Cook*, braa* meehtne to bore the conical part of, i.. .. 

CW, the air-bladder of, yield* iainglau, ... • • • • 

4!offaa, mill to grind, i...... 
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Cokr, tlie best fuel for cuting specals, ii.10S 

Colcothsr, (of vitriol) to distinguish the best, ii.188 

- --— (of vitriol gives the highest lustre to specula, ii.188 

. . - ' ■ wkj less lit than potty for polishing glass, ii.29S 

Colliers, futililv of their prejudice against chains, to raise them from coal-pits, i... 80 

Colour, a blue black, to prepare, i. 201 

■ ■ bright gieen, to prepare with fish-oil, i. 84 

•-brown, from bone-ash, i.200 

- - blown led, to picpare for patutiiig, with hsh-oil, i. 83 

-gray, to prepare, i.201 

■ -.— lead, to prepare with hsh-oil, i. 8S 

■ -red, to pri'p.v.e, i.201 

■ — ■ stone, to prepaie for painting with tish-oil, i.85 

-subdued green, to prepare with flsh-oil, i. 82 

■ . . while, from bone-ash, i. 200 

-yellow, to prepaie, i.201 

Colours, delicate, stuie to dry svithout injury, i.140 

■ -(liy, mill for grinding, i. 22 

-eflert of solutions of amber and copal on, ii.300, 301 

-for pointing, to prepare with fish-oil, i. 81 

-injury siisliiiiied by workmen in the coinmon method of grinding, i. 10 

-nieiliod of csming ofl' the noMous eflluvia from, ( note J i. 21 

-- Hull foi grinding, i. 10 

-oil, improved method of painting canvass witli, li. 328 

-oil, inipiuved method of tying them up in bladders, i. 31 

Colnmns, method of obtaining out of solid blocks or slabs of stone, i. 37 

Compass, oeam to use in dividing astrononiicul instruments without setting the point 

into a division, ii. 31 

Compost, to prepare with diiiighil-water, i. 340 

^nes, machine to bore, in brass cocks, .. 142 

Cmoke, his method of obtaining gas fur liglit fioiii pit-coal, i. 1 

Cook, bis method of turning spheres in vmxmI, ii.352 

Copal, elfaot of solutions of, on colours, ..301 

— - method ofiising as a vehicle for paintiii", li.301 

—— not soluble in any of the menstrua which dissolve resinous substances, ii. ... 302 

-to dissolve ill alcoliol, ii. 297 

-to dissolve in spirit of turpentine, ii.296 

-to render the solution of in alcohol less di ving, ii.296 

Copper, easily melted if tin be put in the same eruoible, but the alloy porous, ii.... 180 

- — its inalleabilitv inipnired bv the smallest luixtur,.* of tin, ii.. 149 

.. nature of the alloys foiined by, with vaiioiis definite proportions of other 

metals, ii. 120 

——— the eflTeot on, of definite proportions of tin. ii.149 

-the tin required to satuiate different parcels of, variable, ii.177 

Cordage, expense of for three yeais compared with chains, i. 79 

-kept pliable in nil climates, by Chapman's process, i. 169 

—— inethodof preserv iiig, I . 166 

■ -preserved by a mixture of drying oils ana resinous matter, i.169 

-tlie weokening effect of tar and ml of tar on, i.16® 

-twice laid, much benefited by coating it with a compound of resinous matter 


Cork, to convert a coninion boat into a teinpoiary Ufe-boat with, i. 65 

- - united with casks to form a life-boat, .. 62 

Cornwall, the transport ship, distress of, fioin the loss of her rudder, i.311 

Crane, a cast-iron double jib, ii.321 

—— ecoBomioal construction of a, i. T2 

the gudgeons the points of resistance in, i. ^2 

—■ to expand and contract the barrel of a, i.... • 3®* 
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Pag*. 

Cnnk, ippliration of a, as an fftcapement for clocks, i........4S1 

■ a« an escapement for a clock, requires no oil, i.48S 

-snlisUlute for a, in toniin); a fool-lathe, i.....225 

-the power applied to, acts fullj onljr at one point, i.225 

Cravons, to prepare, i. 201 

Creation, the phenomena of, under what cirriimslaiices the pleaeore of contemplat¬ 
ing is incn'HM'd, li. 105 

Crystal, an iustrunieiit to measure the angles of small, ii.270 

Cuhilt, his instruiuent for drawing ellipses, li...278 

- his method of equalizing the motion of the sails of windiiiilU, i.257 

Cupellation, its ohject. i. Iti4 

Cotteis, sarious niethoils of fiNing, to art hv iiiiichiiierj upon wood, i.lOi, 104 

Cycloid, to draw for the balance of u tratcli, i.3U7 

Cylinder, hollow, its tendency to assume an elliptical form, when in a horizontal 

position,!. 35 

Cylinders, method of boring for steain-eiigine«», ■lir-ptiiiiph, 4v.c, i. 35 

' time sated by the use of a machine lor boring in a vertical po.sition, i. 30 

I>. 

Daniel, bis life-preserver, in cases of sliqiwreck, ii.317 

Davenport, his method of oriiauieiitiiig glass in iiintulion ul engrating or elrliing, ii. 227 

Davis, his machine for die use of painters and gliizicrs, i.. 222 

Decagramme, t French iiiea<-ure ) cubical inches ro, i.243 

Decilitre, ( Freiicli measure) cubical inches in, i...243 

Descroizilies, bis essay on ascertaining the romniercial value of the fixi-d alkalies, i. 230 

Detents, advantage of spring, over those with pivots, i.371 

Dickenson and Trevithick, their inventions relative to naval arrhilerture, i. ..... . 200 

Dirt, Uie dry, of roads, use of to mix with paints, i. 85 

Dish, or shell, to form by machinery’, i... 106 

Dock, a floating one, of wrought-irou, i...2ll0 

Docks, to save lockage water on, i...319 

Donkin, bis tuarbiue for measuring the velocity of machinery’, i. 63 

Door>hinge, an air-light one for a room, i...SC2 

Door, inner, improved latch for, i.255 

Doors, iiietliod of preventing from dragging on carpets, ii... SfiS 

Dossie, his view of the principles on which hsh-oii may be purified, i.209 

Drag, a wheel, for carriages, ii... 320 

- for carriages, li. .321 

Draughts, to number those from a mine, i.116 

Drawing-room, ventilation of a, without opening tlie windows, li...313 

Drawings, stained, to produce the lights of, ii. 65 

Drury, his mode of preparing paste from potatoes, ii...350 

Dry-grinding, to prevent from injiixing the workmen, i.281 

Dohamcl, his essay on refining lead, and on cupels, i..... 164 

Dunghils, the water from, a rich manure,!.337 

■ ' the water from, yields potash, i.837 

Durand, liia maeiiine fur breaking, hackling, and scutobing hemp, i...491 

Dost, the, of roads, use of, to mix with paints, i... 66 

Dutch, imitation of their method of caring while herrings, i.301 

Dyers, ^pachine to cut articles used by, ii.359 

E. 

Earnsbawr, big timekeeper for disrov ering the longitude, i.. 3M 

Earth, machine to raise large stonea ont of, ii. ... 360 

Earthenware, isinglass cement to join, i...... 383 

EmcI, description of a portable, it.... 241 
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Page. 

Eccleslon, his augre or peat-borer, ii...328 

Edwards, his essay on forming the specula for reflecting telescopes, ii.176 

Edulcoralion, principles of, for fish-oils, i. 200 

Effluvia, noxious, from colours in grinding, meUiod of carrying off, i. 21 

Elliot, his repeating work for a watch, i.404 

Elliplograph, ii... 48 

Ellipses, an iiistrumeut for drawing, li.48, 278 

Emery, used in rough grinding glass lor lenses, ii.118 

-use of, in piestTViug the proper figure of the pitch upon which a lens is 

polished, ii. 132 

Emp^reuma, causes fetor of fish-oil, i. 209 

Enatiielleis, blow-pipe for, i.286 

Engine, by compressed air, to produce great efl'ects by, i.108 

■ -dividing by the, well adapted to small iiisliumenls, ii. 7 

- foi purify mg mines by exhaustion, i.... 25 

■ -steam, improved method of applying ii to the towing of ships, i.262 

Eiigleiicid, .Sir H. ('. Ins meiliod of obtaining admirable lakes from madder, i.121 

-Ins moiintiiiii baioineter, ii.281 

Engraving, iiietliod of imitating the effect of, on glass, ii. 227 

Eiiteipiises, naval, inventions to facilitate, i. 260 

Kscapenieiit, a clock, a crank used for, i.431 

-a detached, foi clocks and watches, witliout springs, i.456 

—--- a (ictaclied, the best, for ineasurnig time, i.863 

- 1.11 inclined plane, alwavs requires oil,i. 456 

-reiiiontoire, for pciiduliiin clucks, i.451 

-rcinontoire, for pendulum clocks, obsei rations to be attended to iu 

forMiiig, 1 .453 

Esespements, improved, for pendulum clocks, i.434 

--watch, i.dll, 413, 421 

Esssrs, remarks on those devoted to the ait of forming lenses and specula, ii.213 

Etching, method of inutating the efi'ect of on glass, ii.227 

Evaporator, construction of, for ehcmisls, prepaiers of suits, &.c. i.255 

Expansion, lo give steel the least ponei of, i.440 

-to give aiue the greatest power of, i. 440 

Eye-hole, a Newtonian reflecting telescope, improved by the removal of, ii.208 

- in the eye-piece of a reflecting telescope, to determine the size and 

place of, ii.196 

Eye-glass, rule to determine the focus of a, for a common refracting telescope, ii... 217 

F. 

Farey, his instrument for drawing ellipses, ii... 48 

-his method of drawing lines towards an inaccessible centre, ii. 72 

Fat, kitchen, use of in rendering oil more unctuous, i.218 

Feathers, method of clearing from their animal oil, ii.351 

Featherstonhaugh, fail counterbalance for the ropes in the deep shafts of mines, i... 220 
Fecula, the white, of potatoes, uses of the, ii.351 


Fever, the gaol, unknown where doe attention is paid to personal cleanliness, ii.... 307 

Field, hia stove for drying goods, i.139 

Figure, a parabolic, always produced in a speculum by working it upon an elliptical 

tool of certain size, ii.189 

—. a true parabolic, to give to a speculum, ii...186 

■■ ■ hyperbolical, to produce in a speculum, ii.189 

File, for letters, improred, i.227 

Filiugs, iron, to separate from their mixture with other metals, i.144 

Fire, cement resisting the action of water and, ii.. • S50 

Fire*eaeape, one oaloulated for a parish, i...... 22 
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Pagt 

Fim, opea, inoompaUbte with free ventiUtion, ii...810, 811 

■ principles of.srith regard to the heat they produce, i....188 

Ftr>irees, ou the auuiageineat of, ii.850 

Fish, the air-bladdera of fresh water, make the best isinglass, i.880 

Fisher, his swivel-beaded cburD-stalf, ii.SOS 

Fishing, nets for, loom to weave, i..... 158 

Fish-oil, contains gelatinous fluid, i.. 800 

——.. cost of refining a ton of, i. 01 

-eduloontive power of water on, i.215 

. effect of romiDon salt on, i. 213 

■ - . effect of lime oo, i.*. 812 

—— effect of lime and chalk on, i. 218 

■ ■ - - ' ■ empjrenma a cause of the fetor of, i.809 

-oxide of lead edulcorates, i.214 

I — principles of the pai ification of, i. 209 

—. — - pure, will not readily putrefy, i.210 

-- pojrefactioa a cause of the fetor of, i.209 

-substances which maybe used in purifying, ..211 

-the presence of bile in, i. 210 

-to prepare for mixing with paint, .. hi 

- - to pnrify at a small expense, >. ..... 216 

— . ■ to purify by filtration only, i.220 

-to purify in a great degree, wiihont bent, i.216 

- .. to pnrify in the greatest degree, with hei,t, .. 217 

Flame, to produce a perfect and brilliant cone of, from a lamp, with a blow -pi[ie, i. 289 
Flax, advantage of a machine for hackling, .. 1^8 

■ ■ broom, to prepare, ii. 

-machine for hackling, .. 1^^ 

-the refnse of, might be converted into paper, ii. 843 

Flexibility, the relative, of iron chains in grooves, iron chains without grooves, and 

ropes, i. ..... 

■^Tint, bis expanding band-wheel, i.. 

Fines, construction of, to carry off the steam from boilers, i.496 

Plaid, gelatinons, its presence in fish-oil, i.299 

-method of causing a vertical shaft to turn upon a, i.. 108 

_precaution to be used in determining the heat of a, by the Uieimometer, ii. .. 104 

_the great depth of, when boiling, will alter the indications of a iheriuoineter, ii. 85 

Fly-wheel, nae of to a colour miH, ..21, 22 

Forge-hammer, powerful one, i. . . 

Foulds, faia machine to cut off piles under water, i.... 857 

Franc, its value, i... 

Friction, how to regulate that of the bohbin of a spinning-wheel, i. ...229 

-- the whole of, in an escapement, not equal to Uiat of the acting part of the 

pallet of a watch, i... 

Proat, sometimes causes a specuhnn to break, ii. 

Fmit, to dry by a stove in imitation of foreign, i.• ..1’® 

TT—■ to preserve without sugar, ii.. 

Pnnmce, constraetion of for chemists, preparers of salts, &cc. i. ..855 

■ one for annealing iron wire, without safferinj it to oxidate, i.871 

Foiiuces, refining day used for the soles of, .. 

FameM, his air-tight door-hinge, i. . 

Fane, the medical properties ii... 


G. 

C^vanism, probable effect of, on the apecuia of telescopes, ii. 

Cm, fer light, impaired by long standing over water, i.. 

. ■■■ for light, his the lout ndoor, wrlmn made at a high temperature, j< 
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Gas, the weight of, rompared with atmospheric air, obtained by the steel-yard, i... 166 

Gauge, an improved, for the use of joinet.'>, &c. i.... 314 

Gauges, glass-grinder’s, to make,ii. 108 

-In prepare for forming the tools for grinding specula, ii. 

Gilpin, his econotiiical ronstruction of a crane, i. 72 

-Ins machine for raising the products of mines, i.75 

-his method of working chains, i.68 

Gimbals, applied to obviate the difficulty of making a watch ro alike in all posi¬ 
tions, i. 370 

<>irdeiti, inctliod of seniring, when injured b_v the dry lol in buildings, i. Ill 

Glassbioweis, hliivvpi|ic for, ii. 286 

Glass, cninposiLiiiM'- for lendering paitiallj opake, ii.228 

--crown, nioif ficc from veins than flint-glass, ii. 196 

-Clown, the most projier for the eye-glasses of reflecting telescopes, ii.195 

-crown, traiisiiiils more light than other glass, ii.. 196 

—— designed loi lenses, to cement to brass, in rough-grinding, ii.116 

-- clfi ct Ilf anv but new pitch in bending,li.130 

.ctlVcts of cliangc of temperature on, in rough-gi Hiding, ii.118 

loi optical purposes, to grind and polish, ii. fsee also Lens.) .105 

-in giinding f.ir a lens, the point of pressure to be exactly on its centre, and 

how to lendci it so, ii .115 

-inctliod of ornamenting, in imitation of engraving oi etching, ii.227 

-milky iijipcaiaiiee of, removed by eomitioii writing ink, or sulphate of iron, ii. 229 

-oh|ect, to centre, ii. 145 

-said to decay in iron frames, ii.222 

- test to asceitain if it will spontaneously dceoin|>ose, li. .. 222 

- to chiise for n]>tirnl purposes, ii.112 

•-to grind to a true plane, ii. 220 

- to prepare a line deseiijitioii of flint, ii.216 

- to round for a lens, ii. . 114 

-white, expansion of aeeording to Smeaton, ii. 92 

-why iiiiperfeet, although specks and flaws may not be perceptible, ii.217 

Gla/.iers, inai I'.ine for the use of, i...222 

Globe, to form in a lathe, i. 105 

(■liie, applied to the eenieiitiiig of glass and brass together, li...116 

-difl'eis fioin isiiiglass m its eflect on fermented liquors, i. .. ®29 

-isinglass disiingiiishcd liiim, hv its fibrous texture, i. 329 

-to picp.iK for imitating carved wood, i...203, 205 

(•old, solutions of, gn e a pm pic stain to steatites, ii.. 81 

Gomometer, oi insiriimcnt foi iiicasuiing the angles of small crystals, a reflective, ii. 270 

Goods, poit.ihic macimic to unload, i.....350 

-stov e fill di V iiig, i . 139 

(•os, his instillment to pcrfoiiii the addition of iiuiiihers, ii.324 

(•'rum, inaelwiie to thrash, li.333 

Gramme, (1''ieiieh mc.isuiel cubieal inches in, i.243 

Gr.iiidi, Ins method ol picp.iiing the grounds or pannels lor p.iiiiteis, i. 190 

Gi.is., clover, iiistr,rTiieiit to lelieve cattle overfed upon, li.364 

Giavitv, centre of. a < i)Msei|iitiice of its not moving up or down, i.320 

(iieeii, to prepare that eoluiii with fish-oil for painting, i.. 88 

Grindstone, a. best for rough-figuring a speciiluui, ii. 184 

- for di V-giinding, without injuring the workmen,!.281 

Grooves, the impuitanee of foiming, in tlic barrels over which non chains work, i. 69 

Grounds, to prepare for painteis, i.. 100 

-new, to transfer paintings to, ii. 84 

Gudgeons, new method of fixing, economy of, i.30t 

--to fix the, on the wooden axis of a water-wheel, i.i'... 3O0 

-to prevent the dirt of a floor from getting into, i... 73 

Guide-posts, improved inethoiT of constructing, ii.... 870 

66. VOL. II. 3 M 
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Gun, nir, method of forcing air into the ball of, (note^ i. lOU 

Guns, ipring, ille^itv of setuni', ii.376 

Guyton, his imprdleinent of the Swedish sto^e, i. ....133 


H. 


Iladlej and Molynenx, directions by, for forming the specala of reflecting tele¬ 
scopes, ii.132 to 145 

Haley, bis marine timekeeper, i..... 426 

Hall, his essay on preparing a substitute for hemp from bean-stalks, ii.341 

-his expanding and contracting barrel for a crane, i.251 

— his method of preparing broom flax, ii...340 

Hammering, only produces a limited eflect on zinc, i. 444 

Hand-rail, to square round the winders of a slair-case, i.. 472 

Hand-railing, explanation of the principles of, i.473 

Hands, instruments for the use of persons who have lost their, ii.382 

Hangings, paper, iniproied method of printing, i. 168 

Hardy, his bookbinder's cutting press, with one screw, i.223 

-his compensation balance, i.408 

■ ■ his method of banking a timekeeper, i.406 

... his methods of equalizing the long and short arcs of the sibration of time¬ 
keepers, i. • .. 

Harness-makers, machine for them to %rork ujinii, i... 359 

Harrows, expanding, for cleaning foul land, and harrowing id seeds, ii.334 

Hay clover, method of making in wet weather, ..337 

— ..clover, once fermented and dried, will not take fire, or change in the hay¬ 

loft, ii.. 340 

Heat, a white, renders steatites hard as flint, ii.. ^0 

• - from wood shavings, safe and eroniinical metliod ol obtaining, i. 28-1 

Heat-openinga, stove witli, .. 

Hectogramme, t.French niedsurej cubical inches in, ..^-13 

Heraman, his mooring block, .... 

Hemp, advantages of a machine for hackling, i... 1^6 

-bean, durability of, .. 

- machine for breaking, hackling, and scutching, i. 491 

-machine for hackling, .. 

-may be obtained from the straw of hemp, li. ^44 

-preparation of, from bean-stalks, ..^41 

-- quantity of yielded bv an acre of bean plants, ii. .. 342 

-the refuse of, might he converted info paper, ii. . .313 

Herbert, his book-case Whit, to secure and open both doors at once, i.2.54 

Herring, signs of a well cured, .... 

Herrings, British white, to cure, in imitation of the Dutch, ..301 

— - new Britiab method of curing, i... 

.1 ■■ ■ those caught in October, best for the est India market, i.302 

-to barrel for the West India market, i... 

Herscbell, Dr. bis obserrations on reflecting telescopes, ii. ^25 

Hick, his eaat-iron double-jib crane, ii. 

-his construction of Bramah’s hydrostatic press, ii."^3 

Hinge, an air-tight, for the door of a mom, i... 

Holden, hia machine for shoe-makers, i.... 

Holes, the advantage of making freely in the temporary life-boat, i. 49 

-to cat out of boards without wasting stuff, i. .. 

Hones, for facing a speculum, the proper size for, ii. .. 

———> for facing a speculum, where the best are obtained, ii. .. 

» the common blue, cut metals the best when barely wet, .••••»•••••••• 

— the manner of figuring a speculum upon, iL» ... 

Hookey, bit method of bending timber for large ehiiM, i.... ... • .. 
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Hones, used in forming specula for telescopes, ii.138 

Hops, the straw of, yields hemp, ii...344 

Hoises, avidity with which they cat furxe or whins, ii.349 

Hospitals, on the ventilation of, i... 23 

-ventilation of, by an air-exhauster, i. 29 

•-ventilation of, general essay on, ii. 306 

Hour, to ascertain in the night, i.425 

House-doois, improved drawback lock for, i.353 

Howard, the principle of ventilation recommended by, ii. ..307 

Howell, his detached escapement for clocks and watches without springs, i.456 

Hughes, his method of fixing the gudgeons upon water-wheels, i. ..300 

Huygens, essays containing various directions by, for grinding and polishing 


Hydrogen, carbiiretted, less fit for light after standing long over water, i. 7 

*-obtained from pit-coal, i.... 6 

-yielded by cannel in greater quantities than by other sorts 

of coal, i......... 7 

I. 

IinproTements, mechanical, how to be estimated, ... 422 

Incidence, the sine of, compared with that of refraction, from air to glass, ii.. • 107 

Indigo, mill for grinding, i... 22 

liigate, for casting a speculum, dimens.ons of, ... 182 

Ink, cominon, destroys the points of a steel drawing-pen, ii. 62 

-roininoD writing, removes the milky appearance of glass, ii.229 

Inspection, ocular, method of dividing astiunoinical and other instruments by, ii. .. 1 

In.trument, construction of one for drawing in perspective, ii.75, 808 

Instruments, astronomical and optical, small cost of the materials of the principal, ii. 105 

-astronomical, method of examining the divisions of, ii. 38 

-astronomical, nature of the difficulty which occurs in dividing, in the 

ronimon way, ii. .... 31 

-astronomical, to divide by ocular inspection, li. 1 

-description of the niicioscope used in iiispeeting the divisions of, ii. .. 10 

-division of, an account of a method of performing by repeated amend¬ 
ments of the places of dots, ii. 8 

— -Hindley’s method of dividing imperfect, li. 7 

---method of dividing, ..251 

-Smeatoii's remarks on Bird’s method of dividing, li. 6 

-to examine the divisions of, for computing a table of errors, ii. 13 

-use of a subdividing sector in dividing, ii. 17 

intestines, the, of sturgeon, yield cords superior to catgut,!.*.333 

Inventions, description of, for the improvement of naval architecture, for increasing * 

the comforts of mariners, and facilitating naval enterprises, i.260 

- list of in vol. I. ii.420 

-vol. [I. ii.432 

-Marquis of Worcester's Scantling of, ii.403 

- ■ mechanical, importance of finding out means to ascertain their correct¬ 

ness, ii...223 

- ■■ ■ ■ useful advantage of rendering public, i. 33 

Iron, cast, to cut through large masses of, with a joiner’s saw, i. 334 

- - diameter of the bars of, with which the drawing of it is commenced, i. ...... 270 

-expansion of, compared with zinc, i. 441 

-fibres of, produced in drawing, removed by annealing, i.270 

-filings of, to separate from their mixture with other metals, i.144 

--in the form of tubes, for the masts of ships, i. ..265 

■» " ' is injured for drawing into wire, when not properly annealed, i.371 

-process for making a lead-coloured paint for, ii. 332 

-qualities of, for wire-drawing, i. 270 
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IroOf rad oxide of, ^ivee the hiche^t lustre to specula, ii... IhH 

— ■ red oxide of, t^ dktin uish the heat, ii.IHH 

• - sulphate of, raniovea the niilk v appearance of f^laas, ii.1229 

-• to prevent partiolea of, fruni injuring; workmen in dr.v-)n'>»<l»iKi '. 

— ship’a mast of, ararcelv half the wei);lit of a wooden one, and 12 tiuie» 

■tronf'er, i.2G5 

Isinglass, foreign, tinea liquors better than other sorts in warm weather, i.S32 

■ glass aiid brass oenioiited together witli, ii.116 

■■ its ditTerence from glue, in its action on fermented liquors, i.329 

-mciuoir on the manufacture and uses of, i. 329 

• -real, hs texture hhrous, i. 329 

'■ summer the heal season for waking, i. 331 

— — ■ the manuer in which it receives its shape, .. 330 

-to {brm an excellent glue with, i. 333 

Ivorj, its greaaineas removed bv washing it with o\-gall. ii. 62 


J 

Jacket, cork, the purpose of answered by a case for seenring dry clothing during 

shipwreck, I. <^6 

JaeksoB, bis memoir on isinglass, i.... • • 332 

Jeffery, bis expanding harrows, for cleansing foul land, and harrowing in seed, ii. . 335 
Joint, the, formed by two conical points, or centres, to construct in the best 

manner, ii.^^'3 


K. 


Kater, Captain, his method at dividing astronomical circles and other in.strimicnts, ii. 251 

Kelly, bis method to obtain the beiel of, .. 

Kilognuame, (French weight,! its trov weight, .. 

■— — -cubical inches in, . ^*3 

King, his machine for the nse of hoot and shoe-makers, ....360 

Kite, use of to obtain a communication with the shoie during shipwreck, i. liO 

Kneebone, his wheel'drag for two-wheeled csriiagef, ii.321 

Knives, or tools, for working wood, A:c. various iiielli(«ls of lixiiig, to ail Im iioi- 
ohinerv, .. 


L. 


Ladder, a, employed to gai| power, .. 

— — . a fire-escape, ii. 

—•-ascending a, the easiest mode of raising a weight, . 

- - labour performed by ascending a, i.V * •.'. 

■ ' power gained by ascending a, of general applicatiun, i... 

Lafon, De, his escapemmit for a wnti’h, L . 

Lakes, method of obtaining admirable, from madder, i. . 

Lamp, construction of, used in a darkened apartment, while dividing mathematical 

instmroeiits, ii... 

-the form of, for gas-lighls, i... 

Laud, boggy, an augre to drain by boring, ii . 

—— expa^ng harrows for cleaning, ii... 

—— mole-plough for the temporary draining of, .. 

Isvum, applicable to poeket watches, .. 

Latch, an improved one for inner doort, .. 

Lathe, feot* eubetitute for the crank of, ii...•,.. • * *■* 

La*, profesaor. hia method of examining the divisions of estronomical instrumenU, ii. 

fce ed, English mode of obtaining silver from, i. .••*•**•••• . 

—— hends ph oriesi esst in gi ef, fittest to nse in refining, (wAt) ... 


59 

316 

61 

62 

tin 

■111 

121 


19 

6 

S23 

834 

374 

433 

255 

225 

88 

186 

187 
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It$dex, 


Page. 

Letd, oxide of, oil containing, debases colours, ii.....800 

-oxide of, edulcorates oil, i.213 

— the best metal to make a tool of, for liguriDg a speculum, ii.153 

-to ascertain tlie proportion of silver contained in, i.1B5 

-white, to prepare without injuring the workmen, i.207 

Leather, straps of, machine to equalize their width and thickness, i. 88 

Lee, his thrashing machine, ii. 333 

Lens, a plano-convex, though made of plate-glass, must have ils plane side ground 

again, ii. 220 

-number of strokes requisite to polish, ii. 128 

-the condition requisite to polishing perfectly, ii. 119 

_the pilch used for cementing the handle to the glass designed fur a, must be 

new, ii. 130 

-to cement the glass designed for, to brass, without bending it, ii.130 

-to centre, ii.146 

-to clear from pitch, ..132 

-to give the finest polish loa, ii. 119 

Lenses, brass the most proper metal for the gauges required by the grinders of, ii... 214 

-directions for rough-grinding, ii. * 116 

-Hudgens’ machine for grinding and polishing, ii. 125 

-niB> he gronnd and polished with sand only, ii.119 

- object, method of working truly spherical, ii. 129 

-principle of a machine for making, ii.218 

-the best executed by hand,ii. 218 

-the glass for, most quickly reduced by siliceous sand, ii. 214 

— - to giind and polish, ii... 

-to make tbe gauges used iu forming the tools for grinding, ii.109 

-tools in which they are ground maybe made of iron, ii.213 

-ttipolj used in polishing, ii.120 

Leslie, Ills nautical watch, .. 417 

-his short pendulum to vibrate seconds, i. 448 

Ijesler, his iiiacbine for washing potatoes and other roots, ii.. 362 

Letter-file, improved, i.. • ..... 227 

Ijewis, his method of caring British white herrings in imitation of the Dutch, i.302 

Life-boat, prepared from a ship-boat, its pre-eminent advantages, i. 53 

. -preparation of ships’ boats for, i... 42 

-sail may be used with, ... 

-the temporal j, its buoyancy not injured by being filled with water in 

midships •- ... 


Life-preserver, in cases of shipwreck, ii 
in.stances of its eflicacy, ii 


Light, floating, to save persons who fall overboard from a ship in the night, i. 

-method of obtaining from the gas yielded by pit-coal, i. :.•••• 

_the comparative, of the Cassegrainian and Gregorian telescopes, ii. .. 

Lime, contains potash when made with wood fuel, i. 

-combined witli chalk, to purify fish-oils,!. 

—— its roagulative action on oil, i... 

-the proportion of, necessary to the caustification of potash, i. 

-with dilliciilty separated from oil, .. 


317 

319 

348 

1 

223 

242 

213 

212 

241 
212 

242 

306 

308 


Lime-water, presence of potash in, to be guarded against, i. ..... 

I.in ch-pin, a gusrd to retain the wheel upon the axle, in case of its coming 

out, i.....;. ; •' 

— — to prevent tbe accidents occasioned by that of a carriage coming out, i... 

Line, a gauge to mark a, along the centre of any parallel or inclined surface, i. ■. • • 314 

—— a rectilinear, apparatus to draw without lateral deviation, ii..... 266 

Lines, straiglit, to divide,ii.... .. ..... M 

—— superior to dots for marking the divisions on mathematical instruments, ii,. •. 18 

—— to draw to an inaccessible vanishing point, ii. 
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Imdtx. 


Pagt. 

liag, tk« ftir*Uftdder of, yields isingUss, i...SS3 

links, ofsn iron chain, ndrsntagc of a groove to receive the flat as well as the ver- 

Uonl, i.. 75 

— — of iron chains, shoald be short, i... 69 

liqaor, the nttoilaginons, of potatoes, uses of, ii.S51 

liquors, fermented, difference of the action of glne and isinglass upon, i.SSO 

litharge, method of forming, i . 186 

-nse of in preparing a lead-colonred paint, ii. S52 

lixiviation, its nse in preparing bones for cupels, i.1B4 

Lock, an improved drawback for honse-doors, i.353 

London, his method of caring mackarel, i.306 

Longitude, magnetical machine to ascertain Uie, at sea, ii.399 

-reward for discovering, i.292 

Loom, accoant of one to be worked by steam or water, ii.353 

-a, for weaving fishing nets, i. 153 

-necessity for its steadiness, to tnm out good work, i. 150 

-to weave pockets, sacks, &c. requiring no side-seam, i. 149 

London, nomber of newspapers published in, ii.344 


M. 


Mackarel, cored, eqnal to anchovy, i.606 

- method of raring, i. 305 

Machine, an improved one for sounding, i.291 

— - hydraulic, set in motion by the re-action of water, i.336 

Machinery, new methods of applying power to, i. 107 

Machines, least liable to friction when comprising the agency of fluids, i.110 

Madder, method of obtaining admirable lakes from, i. 121 

-Smyrna, Spanish, and Dutch, respective qualities of, in yielding lake, i.... 125 

Magnes^alha, its use in purifying fish-oil, i.213 

Magnetism, efteot of, in deflecting a bar of steel from the plane of the horizon, ii. . ■ 399 

-new property of, ii.398 

Mahogany, hard, dry, and knotty, least liable to warp, ii.277 

Main-spring, method of stopping a, when wound up without a fusee, i.453, 456 

Malt. store or furnace for drving, i.....256 

Mao, maximum of the power of, i. 61 

-work performed by in one hour, by ascending a ladder, i. 62 

Mannfartories, ventilation of, by an air-exhauster, i. 29 

Mauafactures, woollen, to purify fisb-oil for the nse of, i.. 218 

Manure, duughil-wster a rich, i...337 

Marble, cement to unite fractured pieces of, ii.349 

Mariners, comforts of, inventions to increase, i.. 260 

Marshall, bis method of constmeting sash windows, to prevent accidents in cleaning 

or repairing them, ..253 

Massey, his machine for sonnding, i... 

— - his striking movement, i .^^6 

Masts, iron, for ships, not liable to be damaged by lightning, ..266 

—jury, to prepare at sea, .. 

— sliding tubniar, of iron, for ships, i......265 

Matter, inflammable, form of a safety boiler for, i .... • • 

• • reainons, to be deprived of mneilage and acid when used in preserving 

cordage, .. 135 

-resinous, nse of, in preserving cordage, i... • ..! * ‘ 

Maxims, mechanical, summary of, supplied by the essays on grinding and polishing 

Maximam, the, of a man’s power, i ... 

Medalsj an isinglass glue to take the impresaioiu of, L.«.*.... 313 
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Index. 


Page. 

Mendhtm, hie watch eicapement, i.420 

-bis improved escapements for pendulum clocks, i.434 

Merenrj, a measurer of velocity by its centrifugal force, i. .. 64 

-passes through the pores of deal or willow wood, ii.243 

-table to correct the observed height of, in a thermometer, when that in the 

tube is not of the same height as that in the ball, ii.. 97 

Metal, compound, the diflirulty of rendering it uniformly expansible, i.440 

Metals, direct expansion of, adapted to form a compensation baUn^e, i...408 

- ■ -■ nature of the alloys formed by definite proportions of various, Ii.190 

--propriety of stretching, before they are nsed for pendulums, i.444 

Micrometer, directions for using the common, ii.246 

-to place the threads of a, in tlie common focus of the object and eye¬ 
glass of a telescope, ii.... 249 

■ -to turn the revolutions of the screw of a, into angles, ii.249, 250 

Microscope, application of a, instead of a second point in a beam compass, ii.. 31 

■ description of that used for inspecting the divisions of instruments, ii. 10 

Microscopes, art of grinding and polishing lenses and specula for, ii. 106 

Middleton, his improved method of printing paper-hangings, i. 168 

Milk, evaporated to drjnes.s, without discoloration, i.140 

Mill, construction of a, to grind hard substances by hand, i.352 

Mills, for colour grinding, improved arrangement of, ii.332 

Mines, machine to keep an account of the number of draughts from, i. • •. ..115 

-counterbalance for the ropes of the deep shafts of, i...220 

-defects of the cylindrical barrels of machines for raising the products of, i. 76 

-improved machine for raising the products of, i.. 75 

-to determine the best size and figure of the barrels of machines to raise the 

products of,—see also barrel and chain's, i. 77 

-ventilation of, .. 23 

Mirrors, called plane, soinetiiiies exhibit the eifects of curved, ii......220 

-for telescopes, to grind and polish, ii. 165 

-method of casting, grinding, and polishing, for telescopes, see Specula . — 

-plane, process used for grinding and polishing, ii. 218 

MolvneiJx and Hadley, directions by, for forming the specula for reflecting tele¬ 
scopes, ii.. *1^2 to 145 

-essays containing v arious directions by, for grinding and polishing 

lenses, ii.^66 

Moorings, to dock a ship while riding at her, i.260 

Morison, his instruments for the use of persons who have lost their hands, ii.382 

Morris, her account of the uses of the mucilaginous liquor of potatoes, ii.351 

Motion, a clock to shew the apparent diurnal, of the sun, i.461 

Mouchels, their improved method of manufacturing iron and steel wire, i.. 270 

Mountains, a barometer to determine the heights of, ii.. * 231 

Mucilage, methods of freeing tar from, i.156 

-the, of tar, causes a pai tial solution of eprdage, i. 155 

-the, of tar, converted into an acid in a hot climate, i.161 

-of tar, why pitch is nearly free from, i. 156 

-the, separated from linseed-oil by thejrays of the lan, ii.296 

Mud, machine to clear roads from, ii...586 

Mudge, bis essay on forming the specula for reflecting telescopes, ii. 148 

-his watch escapement compared with Mendham’s, i.422 

Mufiles, for chemists, new mode of manufacturing, i. 60 

Murdoc, his machine for obtaining pipes and columns from solid blocks or slabs of 

stone, .. 57 

Mnrray, his machine for hackling hemp, i... . .. • • • 

- - his proposed method of grinding flat snrfaoes by machinery, ii.221 

•- .— his new packing press wilfc an elastic power, ii. 590 
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Indtx, 


N. 

Page. 


Nari);«tkins, to u?0 tlie locka^p water of, i.31!) 

Meta, fishing, a loom fbr wearing, i. 103 

-cost of a loom for weaving, i. I0.» 

Nettle, on the, as a snbstitote for heiup. ii.343 

Newspapers, nnmber of, published in Luiulun, n. 344 

Neren, tris method of westing remarkali’r (me eloih, ii. 3.;(> 

Newton, bis niaeliine for chopping roots, ii. 3(ti) 

Newton, Sir Isaac, his discoverj of the use of piiili loi ii-nst-s and 

spectHa, ii. 

Nicholson, his method of drawing lines towards inarersihle vaiiitliii:,: pomi', ii. . .. 7,1 

-his method of producing lights in stained drawing", it. <!.'> 

- ■ ■ ■ his method of squaring a hand-rail ruiiiid the wi.-td-rs of a sUiii .. 17a 

-bis remarks on Hardj’s roitipeusation halanre, i. 110 

Night, method of constructing guide posts to he read >m , ii.3so 

Noctnar^, to construct for ascertaining llie hour in the niglii, win-n innnertii! wtih 

a common wall h, i. I2.'i 

Nozzles, the, of beltowa used in rehiiing, supplied with a tuiie, i. IK'.i 

Nvmbera, an iostnnuent to perform the addition of, ii. 3a 1 


O. 

Oak, SusseT, the best for elasticity and dnrahilit i, i. 1^'* 

Object'‘g)nss, one of equal conreutiea more easily made than any other, and sliev.ing 

as perfect an image, ii. 107 

■ ■ ■ ■ ■ ' to centre, il. I4’> 

Objects, instmment to draw in perspective, ii. * ■' 

Octant, a riaicai, for taking allitndes, ii. 07 

Ofl, an escapement not requiring, i.132. l.il, 4.)l> 

— animal, to clear feathers from, ii.3.> I 

— an inclined pinne escapement always require.*, i. l'*0 

— colour of, diminishes as the mucilage is abstracted, ii. 2!Mi 

— drying, conjecture of the cause of its becoming dry, ii . 21l!> 

— drying, on the nature and preparation of, ii. 

— drying, three kinds of, ii. 

— drying, used widi resinous matter in preserving cordage, i... loO 

— essential, of tar, mixed with pitch, to apply to cordage inst ad of lUjiniated 

tur, i. . 1 

—.esaential, of tar, its effect in making cordage, i. 

— fat, why added to depurated tar for preserving cordage, i.• • 1"7 

— fish^ contains gdatioous fluid, i...... 

— fish, cost of refining a tun of, ..^ ^1 

— fish, principles on which its purification may be peifiirmed, ..2011 

— fiah, to prepare for painting, i..— ^1 

— found to be an indispensable ingredient in paints to pieserve wood, iion, \c. i. .. i-tl 

— gnma, process to prepare, .. f 

— lamp; to purify by filtration only, .... 

— linse^, method of whitening, i... ^ 

— linseed, preparation of, for painting, ii... 

•~medio4 of causing u rertieill sbnft to turn upon, i.... 

—- mucilage separated from drying, miscible with wstd* in every proportion, ii... • 3w 
>— -olire,' to prepare pure, fordirDnoffleters, ... • 

— Tois^; hmB'eoal‘-tar, ..*» '* 

M •colour eakea, to prepare, iL .. ^ 

OpuRy; partial', oMUpoallious to produce in ghun, .. 

C^, improred maohifle for raiaing, L .... 

Outline, to get oorrectly, one of the most foraiidable dUicnlties to aa engraver, u. • 374 
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Index, 


Page. 

Ox-gtll, to prepare ooloorieu, ii.... 61 

-to preserve in a dry slate, ii. 63 

Oxide, inconvenience of it on iron or steel intended to be drawn, L.. 271 

Oxy§(en, hot air deprived of, employed, with smoke, to render timber flexible for 

bending, L .....267 


P. 


Padbnry, his gnard to retain a carriage-wheel npon the axle, in case of the linch-pin 

coming out, i. 

Paint, a durable lead-coloured, for iron, ii. .. 

-dead white, to prepare for inside-work, i. 

Painters, machine for the use of, i... 

• ■ to prepare grounds or pannels for, i. 

painting, on the process of, as practised in the Venetian school, ii. .. 

-preparation of linseed oil for, ii. 

Paintings, oil, method of preserving and repairing, ii. 

• .. to transfer to new groonds, ii. 

-to varnish, ii. 

Paints, fish-oil, do not blister in the sun, i. 

--to prepare cheap and durable, with fish-oil, i. 

Pakenham, his plan to prevent the total loss of tlie rudder of a ship, i. 

Palaces, process used for the interior of the walls of, in the East Indies, i. 

Pallet, of a timekeeper, best direction for the face of, i. 

— of a watch, to obtain the proper shape of the cycloid for, i. 

Palmer, bis gauge for joiners, &c. i. 

Pannels, to prepare for painters, i...... 

Paper, bookbinder’s press for cutting, improvement of, i. 

- - may be manufactured from the fibres of the nettle, ii. 

■ ■ ■ oiled, to render capable of receiving water colours, ii. 

-process used to imitate gilded, in the East Indies, i.. 

-a store of materials for making, in the refuse of hemp and flax, ii. 

Parker, his machine for shoemakers, i... 

Paste, to prepare from potatoes, ii.. 

Paul, Sir G. U. on ventilating hospitals, ii.... 

-his improved steel-yards, i.. 

Peak, bis double press, for packing goods, i. 

Peat, Capt. his temporary rudder, i. .... 

Peat-borer, for draining boggy land, ii.. .. 

Pen, an instrument to enable persons who have lost their hands to hold, ii. 

Pencils, black-lead, charcoal prepared with bees-wax a substitute for, ii. 

— . slate, machine to form, i. ....._. 

Pendulum, applied to regulate the striking part a clock, instead of a fly, i. 

-■ . . ■ a compensation, i... 

— -- - a short one to vibrate seconds, i. 

. 1 . a xino rod for a, irregular in its action at first, L. 

-brass and steel for the rods of, have an irregular action at first, i...... • 

. . - its vibration lengthened by a diminution of pressure against the recoiling 

escqmment, and the reverse in a dead beat, i... 

-method of deriving the power necessary for a striking part from, i. 

-objections to the grid-iron and other* compensation, .. 

-properties of Ward’s compensationSi*.... 

-remarkable properties of Ritchie’s compensation, L.. 

— .- - the superiority of the method of giving motion to, to that for a balance, i. 

Pennington, his sector for proportioning the wheels and pinions in clock and watch- 

woHt, i... . . 

Pentrough, a, to equalise the water falling npon water-wheeU, i. 
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345 

62 

245 

344 

358 
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161 
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Index. 


Page. 

PanunbidAtor, its ftotion tnggstted • bint for the dirition of netronomioel and other 

iastminente, .. S 

PeroiTal, Dr. on a cheap method of preparing potaah, i...SS7 

PerapecUre, inatroment for drawing in, ii.76, S6S 

-remarks on the diflScnltiei attending the practiee of, ii. 76 

Perspectograph, construction of, ii.SOS 

Picture, condition of, to possess harmony of colouring, ii...200 

Pictures, to transfer to new grounds, .. Od 

Pieces, expansion of a watch, how shaped, i.402 

Piles, macUne to cut ofl', under water, i.357 

Pinions, a sector, to proportion for clock and watch work, i...466 

■ the repeating, working of a watch without, i.404 

Pipes, leather, machine for the makers of, to work upon, i.359 

-method of obtaining out of solid blocks on slabs of stone, i. 87 

Pitch, a very thin covering of, will always alter its figure, in polishing a speculum, ii. 187 

-defects of, when too soft, in polishing specula, ii.186 

-easily hardened with rosin, ii.‘. 

—— injured for forming a polishing surface, if dissolved in spirit of nine, ii.160 

-the first mention of the use of, for correcting the figure of a lens, ii.122 

-the, used for cementing the handle to the glass which is to be ground for a lens, 

must be new, ii.130 

-to make, for polishing specnla, ii... 186 

-to prepare and nse for polishing lenses, ii...131 

Pit-coal, method of obtaining gas from, for light, i. 1 

Pivots, size of the, for the balance axis of a box timekeeper, i.379 

-for a watch, the best form of, ..366 

-to fix the, on the wooden axis of water-wheels, i.300 

Plane, a true, but one method known of producing, ii.220 

Planetarium, a pendaat, ii..... 

Planks, application of ^nt, instead of riba, for a ship, i. 208 

- .. for ships, bad effects of open fires to bend, i.‘ 

■ ■ ■ ■ . to arrange with the greatest possible strength, those employed as snbstitntes 

for the ribs of a ship, .. 

Plate, for an equation clock, to divide, ..464 

Platina, nse of, in a compensation pendulnm, i...440 

Pliers, hollow-mouthed, used in forming expansion pieces for a timekeeper, i.402 

Plough, a screw-adjusting, ii.. 336 

- - mole, for the temporary draining of land, ii.374 

Plug, to fasten soft stones to tackling, ii.371 

Pockets, loom to weave, without a side-seam, ..149 

Point, a diamond, nsed in etching and enj^ving, ii. 

-freezing, to adjust in thermometers, ii. . . 

■ — ■■■ pecoliar sbqw of a cutting, for marking the divisioua of mathematical inatiu- 

menta, ii..*•••.:. if 

■ the boiling, of n thennometer, rnlek for adjnating, ii. « 

—— fixed, of SiermometeTs, to adjust, ii....*.*•• * ” 

—— fixed, of thennometers, at what height of the barometer to be adjusted, ii. .. • 90 

—— vanishing, to draw lines towards inaccessible, ii..70, 72 

IPoljfon, a gauge to find the centre of any regular, i.... 314 

Pot-mrii, always present in time made with wood fiiel, 1.. • • 242 

—— ' eheap method of preparing, . 

■- T ■ expense of preparing from dnngbil-weter, ..388 

— ■ may be extracted from potato-tops, ii.3M 

. . quantity of lime necessary to render h oeastie, .. 

—' . RuMioa, oontains quieklime, L.. 

— - . to try its eommeroiel vnlue, ..^3 

Potatoes, growth of, improved by catting off their taps, ii.. 

■■ machine for washing, ii.... 301 
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hides. 


Page. 

Potatoes, the tops of, yield potash, ii.380 

■■■ to prepare paste from, ii.. 350 

■■ use of the mucilaginous liquor of, ii.. 351 

Power, method of communication from one machine to another at anj distance, i>«. 109 

— ' method of gaining b; ascending a ladder, i... 69 

-new methods of applying, to machinery, i.107 

Press, a double, for packing goods, i... 87 

— bookbinder's cutting, with one screw, i...228 

bookbinder’s cutting, great reduction of its size, by constii*' ting wholly of 

iron, i.224 

- - hydrostatic, Bramah’s, i.lOT 

^—hydrostatic, mode of caiouJsting Uie power of, i...... . 108 

-new packing, with an elastic power, ii. 390 

-the hydrostatic, ii. 393 

Pressure, its bad effects in grinding specula, ii.159 

Printing, new method of, for paper-hangings, i.168 

Prior, his detached escapement for a watch, L.413 

-his detached striking part for a clock, i. 457 

-his escapement for a clock, i. 433 

-his larnin, applicable to pocket watches, i.453 

-his method of preventing workmen from being injured by particles of iron or 

stone in dry-grinding, i.281 

-his reraontoire escapement for a pendulum clock, i.451 

-his striking part for a clock, i. 437 

Proportions, definite, of various metals, character of the alloys they produce, ii. .. 190 

Pump, an economical forcing, for deep wells, i...316 

-an improved one to raise water, whilst wells are sinking or making, i.. 145 

-construction of the clack-valve of, that may be easily repaired, i.148 

Pumps, disadvantages of the common construction of, for wells that are sinking or 

making, i.145 

Putrefaction, a cause of the fetor of fish-oil, i. ..... 209 

Putty, how employed in polishing specula, ii.166 

-to be washed, previous to the use of it for polishing a lens, ii.131 

-use of, in polishing specula and lenses, ii..... 123 

-why superior to colcothar for polishing glass, ii. 222 

Q- 

Quayle, his pentrough, to equalize the fall of water upon water-wheels, i.196 

Quicklime, use of, in clearing feathers from their animal oil, ii.351 


R. 


Rail-roads, improvement of, ii...371 

Rapson, his drag for carriages, ii.322 

Rawlinson, his mill for grinding colours, i... 19 

Rays, the solar, separate the mucilage from linseed oil, ii. .296 

Re-action, the, of water, employed to set in motion an nydraulic macnine, .336 

Refining, new method of forming basins for, i. 

Regulator, a universal, of velocity, i.104 

Reid, his compensation pendulum, i.439 

Repetition, the French circle of, rendered unnecessary, ii. 47 

Resins, use of in preserving oordage, i.155 

Ribs, much of the strength of ships attributed to, i....207 

—— ships’, bent planks a substitute for, .268 

-the use of inship-bnilding discarded, ..267 

Richardson, her method of cleaning feathers, ii.251 

■ bis naobine for raising large stones out of the earth, ii.369 
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Bidlej, Ua ralMtiUto for a cruA, L.2S5 

netalUo, lint proposal for, ( matt .S85 

Ritohio, his eompensatioB pendolam, L.44S 

KobertaoB, his maehias for wearmg fishiag nets, i. .. 16S 

Rooks, under water, differeot nethods of blowiog up, i.. 170 

Roller, origia of its ose Ib the art of diriding mstmaieBts, ii. S 

— ' ■' reasoB why it can only be trusted through a short arc, ii. 4 

— ■■■' . snperior to a screw for original dividing, ii. 22 

—— the exactitude with which it will pass round a circle, ii. 4 

-the proportion it should bear to the diameter of the circle tn be divided, ii. 10 

Boons, aixe of a, which a person sleeping will keep at a sofficent temperature, without 

a fire, ii..... 310 

Roots, machine to cot, for cattle, and for culiBury purposes, ii.359 

- — ■ machine to mash, for cattle, ii...361 

Rope, is weakened by bendmg over a pulley, i.. 71 

Ropes, application of a preservative for, in the manufacture of, i.159 

— expense of, for 3 years, compared with iron chains, L . 79 

. . — flexibility of, compared with iron chains, i.70,74 

— to counterbalance those used in the deep shafts of mines, i.220 

Rosin, use of, to harden pitch for polishing specula, ii. IM 

Ross, his machine to separate iron filings from their mixture with other metals, i. .. 144 

Rudder, a temporary one, capable of being fitted up at sea, i.309 

——plans used to prevent the loss of, in foreign vessels, i...... 243 

— ship’s, to prevent the total loss of, when its supports are destroyed, i.243 

Rules, the best, for adjusting the boiling point of a thermometer, ii. .. 98 

Romford, Count, variation of his practice and theory, respecting ventilation, ii.308 


S. 


Sacks, loom to weave, vrithont a side>seam. i. 

SaddingtoB, his machine to cover wire nod thread with silk, i. 

-his method of preserving fruit without sugar, ii. 

Sail, the advantage of a life-boat, i... 

Sails, to equalize the motion of windmills, i... 

Salmon, his man-trap and earth-screw, ii.. 

-his method of transferring paintings, ii... 

Salt, British solid, used in curing mackarel, i... 

— British solid, equal to Foreign for coring herrings, L... 

— common, its effect on oil, i.213, 

— the best Lisbon, used for curing herrmgs by die Dutch, i. 

Salts, alkaline, their effect in purifying oils, .. 

Sand, bad effect of too much clay in that used for casting, ii.... 

— how applied as chief ingredient for refining vessels, i... 

— may be the only material used in grinding and polishing a lens, ii. .... 

— siliceous, how rendered swifter in its operation than emery in redneing glass, ii. 

— ■■ — two kinds of, used in preparing refining vessels, i... 

— used in rough-grinding glass wr lenses, ii. ... 

Sandstone, specnla figured upon, revolving in a lathe, .... 

Sarcenet, formerly ns^ to polish specnla upon, ii... 

Sash-windows, oonstraetion of, which miqr be cleaned or repaired without going to 

the outside of the house, .. 

Saw, a curvilinear one, i... 

- - a joiner’s, to cut through large masses of cast-iron with, i.. 

Scale, method of dispensing with one of equal parts in bisecting the quadrant, ii. . • 

— use of one of equal parts, in bisecting the quadrant, ii... * * 

Scape wheel, the best number of teeth for those of pocket and box timekeepers, i... 
Soience, the zeal for, increased to the tyro, when hejs enabled to pursue it by hu 

own mechanical dtill, ii... 
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Scot, bis mole-plongh, ii.S74 

Soreen, so nr*ti^ht joint for, i.... 862 

Screw, sn eartb, for the temporary fastening; of any thing to Uie gronnd, ii.S7€l 

■ application of a, to the machines for painters and glaziers, L.222 

■■ dividing by, inferior to that with a roller, ii. .... 22 

— new method of catting an accurate, ii.286 

Screws, a nniversal wrench for, i.....356 

Seasoning, the time timber requires for, obviated, i.267 

Seconds, a short pendulum to vibrate, i....448 

Sector, a subdividing, nse of in dividing instruments, ii. 17 

-to give the proportionable sizes of wheels and pinions for clock and watqb 

work, ii. 466 

Seppingi, bis plan to obviate the lifting of ships, i.127 

Shaft, easy mode of raising one, however heavy, i.103 

Shafts, deep, of mines, counterbalance for the ropes nsed in, i.220 

— npright, in machinery, method of causing them to turn while resting on a 

fluid, i.102 

Shale, to cut into cylinders, for writing upon slate, i.193 

Shavings, wood, safe and economical method of burning, L.... .284 

Sheep-skins, machine for splitting, i. 198 

Sheldrake, his dissertations on painting in oil, ii. ..289 

Shell, or dish, to form by machinery, i.106 

Ship, floating light to be used when persons fall overboard from a, in the night, i... 348 

-jury-masts for a, to carry full sail, i. 854 

-method of docking, while riding at her moorings, i.260 

-to fit out a rudder for, at sea, i. 

Ship-boat, prepared for a life-boat, its pre-eminent advantage, i. 53 

Shipley, bis floating light, to save persons who may fall overboard from a ship in the 

night, ..848 

Ships, a disposition to break inseparable from the present construction of, i....... 268 

— improved method of mooring in confined situations, i. 67 

—— improved method of towing, i.963 

-machine to drive copper bolts into, i.347 

. method of removing to a distance, to be repaired, when damaged in their 

bottom, i.841 

-the best angle for the wedges to suspend, i. 129 

- - the necessity of lifUng, obviated, i.127 

--to bend timber for large, i.488 

-to convey to places where the depth of water is not half their draught, i.262 

-to draw copper bolts into and out of, i.345 

Shoemakers, account of machines to obviate the necessity of their working in any 

unhealthy position, i. 358 

Shop-board, to obviate the diseases to which tailors are liable in their usual mode of 

working, i.298 

Short, his method of working the object-glasses of refracting telescopes truly spheri¬ 
cal, ii.129 

Silk, machine to cover thread with, i.. 

Silver, muriate of, with sulphuric acid, gives a black stain to steatites, ii. 81 

—— to ascertain the proportion of, in lead, i. 186 

-use of, in specula metal, ii.181 

Skins, sheep, machine for splitting, i. 1^8 

Slate-paper, for pocket books, how made, i.333 

Slates, pencils for writing upon, machine to form, i...198 

Smeaton, his remarks on Bird’s method of dividing instruments, ii. 6 

Smith, his essay ou obtaining hemp from the nettle, ii.: * • • . 

Smoke, employment of with hot air, to prepare timber for bending, i.266 

Snodgrass, his method of heating rooma by steam, i. . • • • .. 1® 

Soap, yellow, use of in paioting canvass with oil-oolonrs, ii.*329, 880 
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Pagt. 

Somtj, Rojtl, report of a committee of the, on adjusting the ilaed points of ther¬ 


mometers, u. {(2 

Soda, proportion of, in patent salt, i.306 

- - to t^ its commercial vslae, i.234 

Soonding, an improred machine for, i...291 

— - official testimonies in faroor of the new machine for, i.294 

Soondings, difficnltj of obtaining with the lead, i.....291 

.. importance of in particnlar situations, i.291, 292 

Sparks, his noctnarj for ascertainiag Um boor in the night when connected nith a 

oonunon watch, i.425 

Specula, bad effects of extraordinarv pressure in grinding, ii. ...159 

■ best composition of metals (br, ii.177 

'' coke the best fnei for casting, ii. 195 

.. composition of the metal for, ii.136, 149 

directions concerning the composition of, ii.194 

- ■ &oe grinding of, ii. 138 

. ■ ■■ on the moulds and sand used to cast, u. 136 


• ■ probable effect of gal*anism on, ii. 

-receive the highest lustre when polished with eoleotbar, ii. 

■■■ specific gravitj of the metal used for (note ^ ii. 

-the oonrersion of tin into pnttj, a cause of the porositj of, ii. 

—— the proportions of tin and copper for, which possesses the maximnm of hard¬ 
ness, ii... 

——— the snrface upon which they are polished may be too dry, ii. 

- - to cast, ii. 

— ■' - to centre, or place the surfaces of parallel to each other, ii. 

— ' to combine the metals for, ii..... 

— - to grind and polish, fonr tools only necessary for, ii... 

■ — - » to jndge of the accnracr of their figure while polishing, ii. 

— to make the pitch for polishing, ii... 

- - ' to polish, ii...139, 160, 164, 

——— to prepare the gauges for the tools used in grinding, ii. 

— to prepare the patterns for casting, ii. .. 

— - to preserve, when not in use, ii. 

■ . to prevent from cracking, when cooling, ii.. 

to rongh-grind, ii... 

. . -' nse of brass and silver in the metal for, ii... 

■ see Mirror. 

Specnlnm, advantage of h^viog rakes in the pitch it is polished upon, ii. 

— - always rendered parabolical, if polished npon an elliptical tool of a cer¬ 

tain size, ii....... 

" ■ bed of hones, or third to be used in forming, ii. • 

- - — brass grinder, or second tool to be used in forming, ii. 

■ ■ ■ different degree of hardness in different parts, will cause to be defec¬ 

tive, ii..... 

. - .— figure of the strongest spoiled by a very slight pressure, ii...... 

-focal length of a, altered by heat, ii. ....'**•!.* 

- - ■ ■■■■ ground on too large a tool, has its sphere lessened and figure spoiled, ii. 

«-if too thick, will never take a parabolic figure, ii.. 

—-. not to be polished in the same room or in the same clothes that it was 

ground, ii. 

-—.. ■ '• one with a hole in the centre, cannot be perfectly finished but upon a 

polisher of the same form, ii.... 

. . polish best upon a tool with a hole in the centre, ii. 

——. sixo of the ingate nsed in casting, .. • 

— ' state of the fractore of the metal for, if containing too much tin 

( note^ii. .... 

— . the art of polishing sboold be aaintermitted, ii... 
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Page. 


Speculam, tbc bniiier, or fonrth and last tool for fomuag, ii....U5 

* ■ the, of reflecting telescopeH, importance of adjoating to each other, ii«. •. • 171 

" ' the, of a reflecting telescope, performs best when Ae air is moUt, and ita 

temperature the same as the air, ii.226 

— the small, of a reflecting telescope, how to solder a piece of brass to the 

back of it,ii.... 174 

• ■' to adjust the arm which carries the small one of a telescope, iL.199 

-to clean, U.229 

-to fig^c on a piece of sandstone revolving in a lathe, ii. 222 

-to figure upon a bed of hones, ii.157 

-to give a parabolic figure to, ii....168 

-to grind and polish a plane, ii. .....205, 221 

--to grind a plane, ii. 221 

-to grind with the brass tool and bruiser, ii. 156 

■-tool or rough-grinder for a, should be elliptical, ii.. 184 


to place the centre of the small one of a reflecting telescope in the axis of 


tile lube, ii. 

-to polish and give the true parabolic figure to, ii... 

-to remove anj of the metal of a, alter it is finished, will injure its 

figure, ii. 

-to rough-grind, ii. 

-to rough-grind and figure, ii... 

-to trv the figure of, ii.142, 

Spermaceti, used in crarons, i. 

-use of in preparing oil-colours, ii.. 

Spheres, to conquer the difliculty of turning, i. 

-to turn in wood, ii. 

Spirit, from coal-tar, method of extracting, i. 

-from coal-tar, properties of, i. 

Sponge, use of, in pnrifjring oil, i... 

Sprats, method of curing, i. 


Spring, a balance the best form for, i....967, 

-a balance, to render isochronal, i. 

-method of stopping a main, when wound up, witbont afuzee, i...453, 

-tapering the, of a balance, produces isochronism, i. 


-the main of a watch, diminishes in power bji continual exertion, i.. 

Springs, always composed of various powers, i. 

-an isochronal point contained in all tliat are long enongh, i. 

-comparative properties of those made of tempered steel, of gold, and of hard 

rolled wire, .. 

--detached escapement for clocks and watches without, i. 

. ' ' ■ detent, directions for forming, i.... 

,. efleots of those in a balance which make their long and short vibrations in 

the same time, .. 

--varions lengths of, will answer for a timekeeper, i... 

Staas, his machine for boot and shoe makers, i. 

l^taff, a surveying, an earth-screw to support, ii. 

Stair-caso, to square the hand-rail round the winders of a, L. 

Stalka, bean, to prepare a substitute for hemp from, ii... 

Starch, the white fecnla of potatoes, a aubsitute for, ii... 

Stars, fixed, the fittest objects to prove the excellence of a telescope, ii. 

Steam, account of a loom that may be worked by, ii. 

-first application of to the heating of rooms, .. 

• hs efiTeots when employed to bend ship-timber, i.... 

-its fnll heat slowly acquired, where air is present, ii. 

-method of heating rooms by, ... 

■-of boilers, to prevent the annoyance of, .. 

. roles to be observed in heating rooms by, .. 
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StflUB, tb« beat of, in the (ame Tesael, not Bonaibljr different at different depths, ii. 86 

_ value of, a> a means of heating apartments, i. 10 

Steam-engines, ojlinders of, machine for boring, i... M 

Steam-pipes, two ranges of, sometimes necessarj in a room, i. IB 

Steatites, application of to the imitation of precious stones, ii. 80 

- -■ . - incapable of fusion bjr itself, ii. 81 

■i ■ ■ ■ ■ to stain, ii..... 81 

Steel and brass, their disposition to separate when soldered together, i.400 

-its effect in a pendtdum rod not regular at first, ii.444 

. magnetism deflects the poise of a bar of, from the plane of the horizon, both in 

die direction of its length and breadth, ii...318) 

■ may be combined with platinn for a compemnition pendulum, i* 440 

— . plates of, for wire-drawing, least thickness of, i.274 

■ — . to give it the smallest possible expansive power, i.440 

—— to pierce the plates of, for wire-drawing, i.274 

-to prepare plates of, for wire-drawing, i.... • • 273 

—— united to brass without solder, for the expansion pieces of a timekeeper, i... 402 
—— united to twice its thickness of brass, for the expansion pieces of a time¬ 
keeper, .. 

Stcel-jard, advantages of the new, i...163* 

——— genera) advantages of the, over the balance, i, ... 101 

——■■ ■ general defects of the comraou, i...^®2 

-improved, i..... J * 

-pocket, for the nicest experiments, ... 

____ the new, may be adapted to the decimal or any other system of mea- 

. ..*.. ,1 •.91T 

Stevens, his economical forcing pnmp to raise water from deep, wells, 1 .ai# 

Stone, blocks of, a holdfast for when raised from under water, (note) i.176 

- cement for,ii..... •*•*••••*••**. . 

_method of obtaining pipes and columns from solid blocks or slabs of, 1 . 

_to prevent particlet of, from injnring workmeo in dry-gnnding, ... • • • *81 

Stone, bis expanding centre-bit, i............ . .. 

Stones, machine to raise large, out of the eaith, ii.... 

Stott, his machine for splitting sheep-skins, .. 

Stove, coDslruclion of n, for drying goods, i.j.V * .. 

_effect produced by Guyton’s improvement of the Swedish, 1 . 

-the Swedish improvement of, i. . . • • • 

Stoves, under what circumstances they produce nnobjecUonable ventiUUon, 11 . 

Straps, leather, machine to eqaalixe the width ud thickness of, .. 

Straw, why that of beams is disliked by catUe, ii..... 

Sttrgeon, the intestines of the, yields cords superior to catgut, 1 . 

Ktyles, bis method of caring herrings, L... 

SnbsUnees, hard, mill for griadnig, i....•im 

— saline or earthy, combined with oil, debase colours, ... ^ 

Suet used in u compound to preserve cordage, i. .. 

SngiTp adruitAge of, in fonning • mtoslruiini rc<|uirod in mutiting t € •ppciTMi 

of engraving on glass, ii.*. 

■ to preserve fruit without, ii... 

Sngur-refinera, their estimation of lime containing potnab, 1 . 

Sun, a dock to shew bis apparent diurnal motion, i....... 

- - the rays of, separate the mucilage from linaeed-oil, .. 

Snifaee, • concave, ground upon n convex, deepens, ii..... 

—— a convex, ground upon n concave, flattens, ... ' 

Surfaces, eoncave, to produce b a lathe, i.... • • • • • • • • ” ’Ji’* *’Vrked 

__convex and concave, their tendency to make each other trne, when woraeo 

together, ii...... 

I . I flat, to grind by machinery, ii...lOj 

——spherical, to produce, i....... 
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Petg$m 

Sarfices, •traig^bt. tmooth, ud ptnllel or globnlir, new methods of prodnoing by 

msohinery, i. ..... 101 

Surging, the, of Cables, capstan tu render onneoessary, i..... 240 

Sospension, of ships, supersedes the lifting of them, L...1S7 

Swaine, his method of constmoting guide-posts, iL...270 


T. 

Tachometer, i....... 02 

Tad, his method of preventing doors from dragging on carpets, ii... 262 

Tailors, shopboard for, enabling them to work standing or sitting, i.298 

Tallow, a certain quantity of it will perfectly incorporate with oil, i.. 210 

-used in a componnd for preserving cordage, i..*.. 128 

Tallow-chandlers, boiler for the use of, i...179 

Tapioca, the white fecnla of potatoes a substitute for, ii.... 251 

Tar,essential oil of, its effect in weakening cordage,i. ... 160 

— from pit-coal, i. .. 1 

— meth«Mls of freeing from its mucilage and acid, i.126 

— spirit or volatile oil of, from pit-eoal, its properties, i. 2 

Taylor, his account of the method of making clover-hay, in Coorland, in wet 

weather, ii.227 

-his description of a mill for grinding indigo and other colours, i. 22 

-his essay on the ventilation of mines, hospitals, &c. i. 22 

Telescope, achromatic, foci of the surfaces of the lenses ofa, ii.316 

-art of grinding and polishing lenses and specula for a, ii. 106 

-comparative light of the Cassegrainian and Gregorian, ii.222 

-conned place prevents the proper action ofa, ii.225 

-of 20 feet, may be used in any temperature, ii. 226 

-single lens used by some for the higher powers ofa, ii. 196 

- Maskelyne’s testimony to the excellence of those by Edwards, (note)u. 176 

-a Newtonian reflecting, improved by removing the eye-hole, iL.211 

Telescopes, reflecting, origin of, ii.122 

— reflecting, improved by inclining the position of its large speculum in the 

tube, ii. 211 

■ ... reflecting, which the most proper sort of glass for the eye-glasses of, iL 192 


indistinct, ii.222 


I 


— - - reflecting, to determine the size and place of the eye-hole in the eye¬ 
piece of, ii...... 

-table of apertures, powers, and prices of Gregorian, ii... 

.- I — I - table of ^rtnres, powers, &o. of Newtonian, ii.. 

-to determine the magnifying power of, by experiment, ii. 

■ to form the specula for reflecting, ii.. 

to prevent deception in exanuning the powers of, ii. 

. .. . why, reflecting, of 40 feet, oan seldom be used, ii.... 

Temperature, tiie, of steam, not increased by the fut boiling of water, ii. 

„-- - equality of, in dividing astronontical instruments, to be partioalarly 

attended to, iL. . .. ... 

——— tbe full, of steam, slowly acquired where air is present, iL... 

Terry, his mill for grinding hard substances, L.... 

Texture, the fibrous, of isin^aaa, distingoisbes it from glue, L . 

Tbamea, water of the, nearly as pure as distilled water, L. 

Theodolite, an improvad,iL.... 

Thermometer, aiyustment of tbe Creoaiag pmnt of, ii.... . . 

. adTontago of the water boQiag quiqUy, in boQing 

point of, ii. ........ 

—I — —, lir, Luo’s, the degree of which answers to that of tbe boUing pttint 


of Fahrenheit, iL.. 

' in experiiBMnts with. 


oorreotion to be mad*, if only j^e bdl bo im- 
vinersod in the fluid of whiob the tempantnro is to he obteined, iL 

-ite indioation of tompcratoie ▼aried pmirnsr of usiag, iL •. 89 

67.701. II. 2 0 
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ptf*. 

ThMBMMer. m wbat euif two nemlea maj be applied to a, it... OS 

*—" -. liability to error in adjaatiag tbe boHhig point Of a, wSeo the pot 00b- 

Uibiag the water ia beated at &« sidea aa well at tbe bottom, li..101 

» ■ ■■ reaaarka to aaaiat ia finrmhig aa ettSnate of (he heat of tbe aacroary 

ia the tabe of, when oaly tbe ball ia jMaaged itilo a flaid, ( Mf«^ ii. 9i, OS 

— ■ ralea for adjaatiag (be boiling point of, ii... 08 

■ — . table for adjuatiog the icalc of, at different heights of Ute barometer, ii. lOS 

«■ — ' '■ table for eorreetiBg the <^mcrred height of a, wbeb the tteronry ia (be 

tebe ia not of tbe aanm beat aa that a the bait, ii. 07 

■ to make witbont a ball, ( note^ ii. 03 

" the depth to which it is heated changes its indioations, ii. 84 

* . ^-mercaryta the tabe of, not very different from (bat of the snrrounding 

air, whoa oaly the ball is immersed in a linid of which the heat is to be tried, ii. 03 

■ . ftrescaoe of air, will affect the detenaiaation of the boiling point of, ii. 101 

Ibarmometera, estimate of the errwra of, firom a difference in the espanaton of tbe 

tabe and the snale, (note )ii. 04 

' extreme of the difference in the boiling point of various, ii. 00 

— .— - effect of aa error in determining the boiling point of, dimiaiahes with 

Ae degrees of temperatare downwards, ii. 01 

..I — -III. - I I . preeantioBs to be ased in making obsenratious whh, ii.104 

■ ■ . . tbe great errors which may arise from different methods of making 

aad asiag, (not*) ii. . 94 

— ■ —— report of a Committee of tbe Royal Society on adjusting the fixed 

poiata of, iL. 00 

— -- staadnrd height of the barometer, for adjaating, ii. 90 

— . . ■ ■ II table to assist in fonfiing two seales for, ii. 06 

^yekacsB of leather straps, to eqoalixe, i. 88 

Thaatles, iaatrament to extirpate, ii...03G 

Thompson, Us method of gaining power by ascending a ladder, i. A9 

Thmalung, maehtae to perform, ii.033 

IWoad, maohine to cover with lilk, i.......... IHO 

Tilley, hia hydro-pnenmatie Mow-pipe, i...OcO 

Tillech, A. anthor of the first proposal to use metal ta rigging, (nott) i . 2(ij 

Timber, a log of, 16 tachea square, and 30 feet long, bent in eight minutes to a four 

fhet eigfat-iaeh enrre, ..^88 

III affects of open fires employed to bend, i.2^66 

II effects of steam employed to bend, i. 266 

————for ship-hnilding, no occasion to irarchase abroad, i. ..2ti9 

. .- — amthod of aecaring, when lajared by the dry rot in buildings, i.Ill 

— -— to bead for bnildiag large ships, ..**88 

Tlmsihiiiipiir. a, in whidi buking is unaeceasary, i..dl8 

. . ■ ■ n amriae,...f06 

balanoe of a, to adjost for beat aad cold, i...366 

II 11 ... banking of, variona methods of performing, i.406 

. I — best extent far the vibratlona of the balance of, i.SIM 

.-I"-best nnmber oftoeth for the acape-Wheel bfa, i...371 

. I. I ■— beat train for, .. 

f.ii I .hex, advantxge of, over pocket, i...... * • • “9" 

III.- Hull I II ...eaase of ita goiag nneqnairyin different j^itions, i. ..380, 4M 

. ■ lilt..,-I ...I I > eonatraotioa of, fbr ffiaeoreiing the loto^tttdc, i..... 

„ I si; II I ......... detached eac^rnment Mr, 1. .. 4~ 

I. I... . II jewel-holea of a, to be ataalhiw, I. IW 

III ■ ■ i>. I motioo given to the balaabe df, Idfriotit frftfrioa, i.. 4» 
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Timekeq>«r, to coil the baluce-sprinff ef, i.... Kitl' 

to obyiate the effect of differeet poskiod# oo toe belaiice of.i.v*•.*«• A13 
. .- to shorten or lengthen the extent of the Titoxtions of the belpnoe of« ju $9^ 

— -- to taper the balance-spring of, i. .. 981' 

-I— -- ■ ... various lengths of springs will answer for, i.....401 

• various trains of, i.. .»9W 

— .. (^aee Baltuu*, IFatrJi, and Spring.) 

Tin, copper easily melts if pat kilo the same cntcible with, but toe alloy poroqi, U* ISO 
•— effects of definite proportions of, on copper, ii.... 14^ 

— nature of the alluya formed by, with various definite proportions of other 

metals, ii........ 190 

— the conversion of, into patty, a caose -of toe porosity of specula, ii.Ifil 
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— the smallest quantity of, impairs the malleability of oopper, ii.149 

— to Kuard against the oxidation of, in forming specula, ii.•••_.179, 180 

Tin-toil, usrd in soldering a piece of brass to the back of a spaculum, ii. ..174 
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Tool, concave, for grinding a lens, Huygens’ direction for the size of, ii. lOT 

Tools, glass-grinder’s, to smooth and polish, ii...110, 119 

-- glass-grinders, to turn exactly spherical, ii... 109 

— for grinding lenses, directions respecting, ii.....914 

— various methods of fixing, for working wood, &c. i. ..108, 104 

Touch, an estimate of its accuracy, (note ^ ii .... 91 

Trammel, the principle of the, applied to a general instrument for drawing ellipses, ii. 51 

Tram-plates, new method of laying, ii.... 871 

Trap, a man, which secures without maiming the person, ii.879 

Trees, fir, should be planted thick, ii.8$7 

' ' system of pruning for, ii. 80^ 

-I — - ■— the injury sustained by, if left to the coarse of nature, iL . SoT 

-the thinning of, next essential to pruning, ii... 859 

I....-,-. - ■ , those which are tallest, and clearest of boughs and knots, have toe Ifhst 
grain, ii... 

• -each kind is best planted separately, ii.887 

Tremors, of reflecting telescopes, causes of, ii...208 

Tripoly, used in polishing lenses, ii.... 

Trotter, bis curvilinear saw, i.... 170 
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inspection, ii.. # 
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T-square, an improved, ii..... ••••*: . 

Trevithick and Dickenson, their inventions relaUve to naval architecture, ..asw 

Tube, slate-pencils formed by passing through a sharp-ended, i..•.•■**;. 

Turpentine, spirits of, colours which dissolve in, used for ataming steatites, ii... •.. M 

-spirit of, to dissolve copJ in, ii.... 

Tarrel, bis instrument for drawing in perspective, iu._.. 76 

—. his method of constructing a drawing board and T-square, ii. 

__his new mode of manufacturing chemical muffles, i. 99 

V. 

Value, oommerolal, of toe fixed alkalies, to axcertaln, i... 980 

Valve, ooostractioo of a clack, for a pump, easily repairable, i.... 

_bow and why applied to the noxzles of bellows used m refimng, ..IW 

Vamhih, a black elastic, ii... 

— --amber, colours which dissolve in, used for staining steatites, ii. ......;. • • 

——— does not prevent the atmospheric pressure from penetrating boxwood, ii. .. 284 

Voniiah, properties of, made with the spirit from the tar ofpit-ooaf, i,..... . 2 

Vorty, his method of preventing accidents, occasioned by lineb-pins coming out, i. 8W 

Vat, size of a, in Meux’s browbouse, i. . .......829 

Vuias, crown-glass contains fewer than flint-glass, ii..... 

Vaina, to discover in gloss, ii..* ... 

Velooity, aonivorsol regulator, i....... . *94 
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wit, Bot to be ued for adjaifing; the boiling point af thermometera, iL.... IM 


and Fahrenbeit’a thermometeM, iL .... VI 

-the differoDeo of pomp and rain, when heated, in railing the thermometer, iL 68 

the Tbamea, neaiij ai pare u diitilled irater, i.. U8 

-- ' ■■ — to oat offpilea under, i. 857 

' - ■ to eqaaliae the fall of, apon water-wheeii, i.166 

■ to doek a ahip while riding at her moorings in anj depth of, L... •. 660 

■ to parifj olive-oil, with, i... 886 

— . to raise from the deepest wells, i. 100 

-whether boiling fast or slow, jields steam of the same temp«°ratare, ii, •.... 86 

Water-colours, to prepare coloarless ox-gall for painters in, iL. 61 

Water-wheel, undershot, a new, i... 861 

Water-wheels, to aecare the pivots or gadgeonsof, i.... 800 

Watkin, his detached escapement for a timekeeper, L.... .428 

Weather, wet, method of making clover baj in, iL.. 887 

Weavers, improved method of preparing webs for, i...151 

' ■ paste for the ase of, to make from potatoes, iL ...850 

Wearing, netBhpnciple of, for fine eloth, ii.866 

Webs, imprdVUmethod of preparing for weavers. L .. 151 

Webster, his nisthod of preventing annojance from die steam of boilers, i.406 

Wedges, for sospending ships, the best angle for, i.129 

Weights,^mmenBe,sapported in the same manner as ships, L.... .ISO 

Wells, deep, an economical forcing pomp for, i.. 816 

—— how to raise water from, however deep, i...109 

■ pomp to raise vvater from, whilst sinking or making, i.145 

Wheel, a carriage, pard to retain apon the axle, in case of the linoh-pin coming 

oat, i.806 

" an expanding band, i.... 252 

— spinning improved, i. 227 

— spinning, regulation of the friction of the bobbin of, i.229 

— ‘ ' the locking of a, bj a spring, its excellence for timekeepers, i.428 

—the revolving, of a steam-engine barge, for towing ships, placed in an air-tight 

receptacle, ii.264 

Wheel-drag, for two-wheeled carriages, ii.820 

Wheels, a detached striking part for a clock, withont the nsual train of, i.4G0 

— -machine for obtaining the bevel of, i. 119 

.. a sector to proportion for clock and watch-work, i.466 

.. the osaal train of, for a striking movement, dispensed witli, i.449 

-ase of, on hand battering rams, L. 126 

Whins, the medScal properties of, ii.848 

White, bis letter-file, i.227 

Wick, cotton, a flat one better than a round one for the blowpipe, i.289 

Width of leather straps, to equalize, i. 66 

Williams, his method of boring the conical parts of brass cocks, i.142 

-his portable easil, ii. 246 

Wilson, his cement for caring damp walls, ii.849 

-bis mode of preserving and repairing oil-paintings, ii. 69 

Winders, to square a hand rail-round, for a stair-ease, 1..472 

Windmills, method of eqaolizing the motion of the sails of, i...... 257 

Windows, sash, eonstroetion of, to pnevent accidents in eleaaing or repairing, i.268 

--sash, peculiar constmetion of, for ventilation, ii.811 

Wuterbottom, hia machine to clear roads from mod, ii.866 

Wire, brass, the expansion of according to Smeaton, ii..-.. • 82 

I— oommoB, the thickness of very variable, ..461 

■■■■' drawn, more equal than rolled, ..401 

.-■ iron and steel, pieces of, i. 280 

. . . iron and steel, to draw withont the marks of the pincers, L ..870 

< ——propertiea of different kinds of, for balance springs, i.... 
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P€kgt. 

Wire, allk'COTered, mechine to mmnafactare, i. 180 

—— epiral, applied to the hopper of e mill, i. S8S 

— to render uniform ip thickness for beUnre-springs, i.40C 

Wire-drawing, the steel plates for, required in a dilTerent slate, for iron, steel, and 

brass, i.274 


Wires, for cards, adjustineot of the machine for eotiing and crooking, to determine 

their size, i... 

— —. for cards, machine to cot and crook, i. 

Woart, bis method of securing timbers injured by the dry rot, i. 

Wood, an expanding oentre-bit for, which cuts out Uie stufTin discs, i. 

-carved, to imitate, i. 

- - method of imitating cars ings in, i. 

—— solid, to convert into a shell or dish, I. 

— . . the less free the access of air to, when charred, the harder the charcoal it 

yields, U... 

—— the shavings of, safe and economical method of burning, i. 

— ■■■■ to turn spheres in, ii... 

-bis roagnetinal machine fur ascertaining the longitude at sea, ii. .. 

Worcester, the Marquis of, his Scantling of Insenlions, ii. .. 

Workmen, advaolage of coiifonning inventions to the habits of, i... 

-to prepare white lead without injuring, i. 

- to prevent their being injured by the escape of particles of iron or atone 

in dry-grinding, i.. 

Wood-ashes, inconvenience of, in copellation, i. 

Wrench, a universal, for screws, i.. 
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Young, his fire-escape ladder, ii.....tlO 

Z. 

Zinc, irregularity produced in a new pendnlnm rod made of, i. ...444 

-expansion of, compared with iron, i.441, 442. 443 

-the advantage of, fur covering a drawing board, ii.275 

-to give the greatest power of expansion to, ii.... 440 
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